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REMARKS 

Applicants have submitted herewith a substitute specification in compliance with the 
requirements set forth in 37 C.F.R. § 1.58(c) and in M.P.E.P. § 6808.01. The substitute 
specification contains no new matter. 

Claims 1-5 remain present for examination. Applicants respond below to the specific 
rejections raised by the Examiner in the final Office Action mailed March 3 1 , 2005. 

Specification: 

The Examiner has not entered the substitute specification submitted on January 18, 2005. 
According to the Examiner, Applicant failed to provide a statement that the substitute 
specification includes no new matter, and failed to provide a marked up copy showing the 
changes relative to the prior version. The Examiner noted that the specification omitted the 
claim for priority. The Examiner has also objected to the specification on the grounds that it 
contains embedded hyperlinks. 

Applicants submit herewith a substitute specification. The specification includes no new 
matter. As indicated by the appropriate markings, all hyperlinks have been removed from the 
specification, and all trademarks are represented in capital letters. The specification includes the 
paragraph in which Applicants assert their claim to priority. Applicants submit that the substitute 
specification is in compliance with 37 C.F.R. § 1.125, and respectfully request that it be entered 
accordingly. 

Rejection under 35 U.S.C. §101 - Utility 

The Examiner has rejected Claims 1-5 as allegedly not being supported by a specific, 
substantial and credible, or well-established utility for the reasons set forth in the Office Action 
mailed October 4, 2004. The Examiner asserts that the data provided in the specification do not 
support the conclusion that the gene encoding PRO300 or the PRO300 polypeptide is 
differentially expressed in lung cancer compared to normal lung tissue such that the PRO300 
polypeptides or PRO300 antibodies could be used as a diagnostic tool. The Examiner also states 
that since it is not known whether the nucleic acid is involved in tumor suppression or if it is 
inhibited by tumor progression, one skilled in the art could not use the PRO300 nucleic acids, 
PRO300 polypeptides, or PRO300 antibodies as therapeutic or diagnostic tools. Further, the 
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Examiner states that absent information regarding what type of lung tumors were analyzed in 
Example 18, the data are preliminary and do not confer utility on the claimed invention. 

The Examiner maintains that the two Grimaldi declarations, the Polakis declaration, and 
the Ashkenazi declaration are insufficient to overcome the rejections set forth by the Examiner in 
the October 4, 2004 Office Action. 

The Examiner argues that the first Grimaldi declaration is unpersuasive because one 
skilled in the art would not conclude that a gene whose cDNA levels differ by at least two-fold in 
lung tumor versus normal lung tissue would be useful as a diagnostic marker for lung cancer. 
First, according to the Examiner, an increase in DNA copy number does not necessarily correlate 
with a cancerous state. In support of this line of reasoning, the Examiner cites to Hittleman et al. 
(2001), Ann. N.Y. Acad. Sci. 952:1-12, for the proposition that "because aneuploid DNA can be 
found in normal tissue, detection of increased DNA copy number does not necessarily mean that 
those cells containing the DNA are cancerous." Office Action at 6. According to the Examiner, 
it is not clear from the data presented in Example 18 whether "PRO300 is amplified in cancerous 
lung epithelium more than in damaged (non cancerous) lung epithelium." Id. Further, the 
Examiner argues that not all lung tumor tissue would be expected to have the same expression 
pattern for a given gene, and since the specification fails to indicate what types of lung tumor 
tissue were used in the Example 18, the data are preliminary and insufficient to establish utility. 

The Examiner also rejects the testimony set forth in the second Grimaldi declaration 
regarding the correlation between gene overexpression and protein overexpression, arguing that 
"these statements have no basis in fact and appear to be the opinion of the Declarant." Office 
Action at 7. In addition, the Examiner asserts that "there has been no distinction on the record in 
general or in the specification as filed between total nucleic acid, which includes chromosomal 
DNA and mRNA." Id. at 8. The Examiner contends that one cannot determine from the data 
presented whether "the observed 'amplification' of nucleic acid is due to increase in 
chromosomal copy number, or alternatively due to an increase in transcription rates." Id. Citing 
Pennica et al 9 the Examiner states that increased DNA copy numbers are not necessarily 
correlated with increased mRNA levels. 

Additionally, the Examiner makes the distinction between Dr. Grimaldi' s discussion of 
the relationship between chromosomal aberrations, mRNA levels and protein overexpression for 
Her2/Neu, and the claimed invention, noting that unlike Her2/Neu, PRO300 has not been 
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associated with tumor formation or cancer, and that no translocation of the gene encoding 
PR0300 is known to occur. The Examiner concludes that the data presented in Example 18 are 
preliminary. The Examiner also rejects Dr. Grimaldi's statement that even if mRNA and protein 
levels do not correlate, then measurement of gene and protein expression levels enables more 
accurate tumor classification, "because only the cDNA was measured, because of aneuploidy, 
because no information is provided on expression levels of the protein, because there is no 
information on what type of lung tumor tissues were tested, etc." Office Action at 12. 

The Examiner maintains that the Polakis declaration is unpersuasive. The Examiner first 
asserts that "it is important to note that the instant specification provides no information 
regarding increased mRNA levels of PRO300 in tumor samples relevant [sic] to normal samples. 
. .[therefore the declaration is insufficient to overcome the rejection of the claims." Office 
Action at 9-10. The Examiner then refers to Hu et al (2003), J. Proteome Res. 2:405-412, for 
the proposition that there is "no evidence of a correlation between [genes differentially expressed 
in cancer versus normal tissue] and a known role in the disease." Office Action at 10. The 
Examiner also argues that for genes with low mRNA levels, the mRNA levels are not predictive 
of protein levels. Citing to Gygi et al the Examiner argues that "message levels are generally not 
predictive of protein levels for the majority of genes studies [sic] by Gygi et al" Id. at 11. 

Finally, the Examiner argues that the Ashkenazi declaration is insufficient to overcome 
the utility rejection. Specifically, the Examiner rejects Dr. Ashkenazi's testimony that 
simultaneous testing of gene expression and gene product levels enables more accurate tumor 
classification "because it has not been demonstrated that the protein of the instant invention is 
differentially expressed in different tumors. If it was, the protein would have a specific and 
substantial utility." Office Action at 13. The Examiner then states that "[o]verexpression of a 
gene product in a cancer cell does not necessarily mean that the gene product is involved in the 
cancer and that targeting the gene product would also be therapeutic." Id. at 14. The Examiner 
reiterates that the data in Example 1 8 do not provide information on levels of protein expression, 
and concludes that thus the proposed use is simply a starting point for further research. 

Applicants respectfully disagree. 
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Utility - Legal Standard 

According to the Utility Examination Guidelines ("Utility Guidelines"), 66 Fed. Reg. 
1092 (2001) an invention complies with the utility requirement of 35 U.S.C. § 101, if it has at 
least one asserted "specific, substantial, and credible utility" or a "well-established utility." 

Under the Utility Guidelines, a utility is "specific" when it is particular to the subject 
matter claimed. For example, it is generally not enough to state that a nucleic acid is useful as a 
diagnostic tool without also identifying the condition that is to be diagnosed. 

The requirement of "substantial utility" defines a "real world" use, and derives from the 
Supreme Court's holding in Brenner v. Manson, 383 U.S. 519, 534 (1966) stating that "The basic 
quid pro quo contemplated by the Constitution and the Congress for granting a patent monopoly 
is the benefit derived by the public from an invention with substantial utility." In explaining the 
"substantial utility" standard, M.P.E.P. § 2107.01 cautions, however, that Office personnel must 
be careful not to interpret the phrase "immediate benefit to the public" or similar formulations 
used in certain court decisions to mean that products or services based on the claimed invention 
must be "currently available" to the public in order to satisfy the utility requirement. "Rather, any 
reasonable use that an applicant has identified for the invention that can be viewed as providing 
a public benefit should be accepted as sufficient, at least with regard to defining a 'substantial' 
utility." (M.P.E.P. § 2107.01, emphasis added). 

The mere consideration that further experimentation might be performed to more fully 
develop the claimed subject matter does not support a finding of lack of utility. M.P.E.P. § 
2107.01 m cites In re Brana, 51 R3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) in stating 
that "Usefulness in patent law ... necessarily includes the expectation of further research and 
development. The stage at which an invention in this field becomes useful is well before it is 
ready to be administered to humans." Further, M [T]o violate § 101 the claimed device must be 
totally incapable of achieving a useful result" Juicy Whip Inc. v. Orange Bang Inc., 51 USPQ2d 
1700 (Fed. Cir. 1999), citing Brooktree Corp. v. Advanced Micro Devices, Inc., 977 F.2d 1555, 
1571 (Fed.Cir.1992). 

Indeed, the Guidelines for Examination of Applications for Compliance With the Utility 
Requirement, set forth in M.P.E.P. § 2107 11(B)(1) gives the following instruction to patent 
examiners: "If the applicant has asserted that the claimed invention is useful for any particular 
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practical purpose . . . and the assertion would be considered credible by a person of ordinary skill 
in the art, do not impose a rejection based on lack of utility." 

Utility need NOT be Proved to a Statistical Certainty - a Reasonable Correlation between the 

Evidence and the Asserted Utility is Sufficient 

An Applicant's assertion of utility creates a presumption of utility that will be sufficient to 

satisfy the utility requirement of 35 U.S.C. § 101, "unless there is a reason for one skilled in the 

art to question the objective truth of the statement of utility or its scope." In re hanger, 503 F.2d 

1380, 1391, 183 USPQ 288, 297 (CCPA 1974). See f also In reJolles, 628 F.2d 1322, 206 USPQ 

885 (CCPA 1980); In re Irons, 340 F.2d 974, 144 USPQ 351 (1965); In re Sichert, 566 F.2d 

1154, 1159, 196 USPQ 209, 212-13 (CCPA 1977). Compliance with 35 U.S.C. § 101 is a 

question of fact. Raytheon v. Roper, 724 F.2d 951, 956, 220 USPQ 592, 596 (Fed. Cir. 1983) 

cert, denied, 469 US 835 (1984). The evidentiary standard to be used throughout ex parte 

examination in setting forth a rejection is a preponderance of the evidence, or "more likely than 

not" standard. In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992). 

This is stated explicitly in the M.P.E.P.: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a 
whole, it leads a person of ordinary skill in the art to conclude that the asserted 
utility is more likely than not . M.P.E.P. at § 2107.02, part VII (2004) (underline 
emphasis in original, bold emphasis added, internal citations omitted). 

The PTO has the initial burden to offer evidence "that one of ordinary skill in the art 
would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 
1436 (Fed. Cir. 1995). Only then does the burden shift to the Applicant to provide rebuttal 
evidence. Id. As stated in the M.P.E.P., such rebuttal evidence does not need to absolutely prove 
that the asserted utility is real. Rather, the evidence only needs to be reasonably indicative of the 
asserted utility. 

In Fujikawa v. Wattanasin, 93 F.3d 1559, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996), the Court 

of Appeals for the Federal Circuit upheld a PTO decision that in vitro testing of a novel 

pharmaceutical compound was sufficient to establish practical utility, stating the following rule: 

[T]esting is often required to establish practical utility. But the test results need 
not absolutely prove that the compound is pharmacologically active. All that is 
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required is that the tests be "reasonably indicative of the desired 
[pharmacological] response." In other words, there must be a sufficient 
correlation between the tests and an asserted pharmacological activity so as to 
convince those skilled in the art, to a reasonable probability, that the novel 
compound will exhibit the asserted pharmacological behavior." Fujikawa v. 
Wattanasin, 93 F.3d 1559, 1564, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996) (internal 
citations omitted, bold emphasis added, italics in original). 

While the Fujikawa case was in the context of utility for pharmaceutical compounds, the 
principals stated by the Court are applicable in the instant case where the asserted utility is for a 
therapeutic and diagnostic use - utility does not have to be established to an absolute certainty, 
rather, the evidence must convince a person of skill in the art "to a reasonable probability." In 
addition, the evidence need not be direct, so long as there is a "sufficient correlation" between 
the tests performed and the asserted utility. 

The Court in Fujikawa relied in part on its decision in Cross v. Iizuka, 753 F.2d 1040, 

224 U.S.P.Q. 739 (Fed. Cir. 1985). In Cross, the Appellant argued that basic in vitro tests 

conducted in cellular fractions did not establish a practical utility for the claimed compounds. 

Appellant argued that more sophisticated in vitro tests using intact cells, or in vivo tests, were 

necessary to establish a practical utility. The Court in Cross rejected this argument, instead 

favoring the argument of the Appellee: 

[I\n vitro results... are generally predictive of in vivo test results, i.e., there is a 
reasonable correlation therebetween. Were this not so, the testing procedures of 
the pharmaceutical industry would not be as they are. [Appellee] has not urged, 
and rightly so, that there is an invariable exact correlation between in vitro test 
results and in vivo test results. Rather, [Appellee's] position is that successful in 
vitro testing for a particular pharmacological activity establishes a significant 
probability that in vivo testing for this particular pharmacological activity will be 
successful. Cross v. Iizuka, 753 F.2d 1040, 1050, 224 U.S.P.Q. 739 (Fed. Cir. 
1985) (emphasis added). 

The Cross case is very similar to the present case. Like in vitro testing in the 
pharmaceutical industry, those of skill in the field of biotechnology rely on the reasonable 
correlation that exists between gene expression and protein expression (see below). Were there 
no reasonable correlation between the two, the techniques that measure gene levels such as 
microarray analysis, differential display, and quantitative PCR would not be so widely used by 
those in the art. As in Cross, Applicants here do not argue that there is "an invariable exact 
correlation" between gene expression and protein expression. Instead, Applicants' position 
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detailed below is that a measured change in gene expression in cancer cells establishes a 
"significant probability" that the expression of the encoded polypeptide in cancer will also be 
changed based on "a reasonable correlation therebetween." 

Taken together, the legal standard for demonstrating utility is a relatively low hurdle. An 
Applicant need only provide evidence such that it is more likely than not that a person of skill 
in the art would be convinced, to a reasonable probability, that the asserted utility is true. 
The evidence need not be direct evidence, so long as there is a reasonable correlation between the 
evidence and the asserted utility. The Applicant does not need to provide evidence such that it 
establishes an asserted utility as a matter of statistical certainty. 

Finally, in assessing the credibility of the asserted utility, the M.P.E.P. states that "to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys" the PTO 
must establish that it is "more likely than not that one of ordinary skill in the art would doubt 
(i.e., "question") the truth of the statement of utility." M.P.E.P. § 2107.02 III A. The M.P.E.P. 
cautions that: 

Rejections under 35 U.S.C. 101 have been rarely sustained by federal 
courts. Generally speaking, in these rare cases, the 35 U.S.C. 101 rejection was 
sustained either because the applicant ... asserted a utility that could only be 
true if it violated a scientific principle, such as the second law of 
thermodynamics, or a law of nature, or was wholly inconsistent with 
contemporary knowledge in the art. M.P.E.P. § 2107.02 III B. (underline 
emphasis in original, bold emphasis added); citing In re Gazave, 379 F.2d 973, 
978, 154 USPQ 92, 96 (CCPA 1967). 

Even assuming that the PTO has met its initial burden to offer evidence that one of 
ordinary skill in the art would reasonably doubt the truth of the asserted utility, Applicants assert 
that they have met their burden of providing rebuttal evidence such that it is more likely than not 
those skilled in the art, to a reasonable probability, would believe that the claimed invention is 
useful as a diagnostic tool for cancer. 

The Data in Example 18 are Data Regarding Differential mRNA Levels, not Gene Amplification 

Applicants begin by clarifying that the data concerning the differential expression of the 
PRO300 gene presented in Example 18 relate to gene expression, not gene amplification . The 
description of Example 18 makes clear that the results were obtained by quantitative PCR 
amplification of cDNA libraries. It is well known in the art that cDNA libraries are made from 
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mRNA, and reflect the level of mRNA for a particular gene in the source tissue. Thus, Example 
18 is reporting a measure of the expression of the PRO300 gene, i.e. mRNA levels, not its 
amplification, i.e. the number of copies of PRO300 in the genome. 

Throughout the final Office Action, the Examiner refers to "gene amplification." For 
example, the Examiner states "[bjecause aneuploid DNA can be found in normal tissue, 
detection of increased DNA copy number does not necessary [sic] mean those cells containing 
the DNA are cancerous. The gene amplification assay disclosed in the instant specification does 
not provide a comparison between the lung tumor samples and normal lung epithelium control," 
(Office Action at 6), "all that the specification does is present evidence that the DNA encoding 
PRO300 is amplified," (Office Action at 7-8), "[since] there has been no distinction on the record 
in general or in the specification as filed between total nucleic acid, which includes chromosomal 
DNA, and mRNA. . .one cannot determine from the data in the specification whether the 
observed 'amplification' of nucleic acid is due to increase in chromosomal copy number, or 
alternatively due to an increase in transcription rates," (Office Action at 8), and "it is important to 
note that the instant specification provides no information regarding increased mRNA levels of 
PRO300 in tumor samples relevant [sic] to normal samples. Only gene amplification data was 
presented in Example 18." Office Action at 9-10. In rejecting Applicant's previous arguments 
and evidence, the Examiner asserts, "it does not necessarily follow that an increase in gene copy 
number results in increased gene expression and increased polypeptide expression." Id, at 8. 

Applicants submit that the Examiner has misinterpreted that data presented in this 
application. Clearly, Example 18 reports data regarding differential mRNA levels, not gene 
amplification data. 

Applicants wish to clarify that whether or not gene amplification leads to increased gene 
expression is irrelevant to this particular application. Applicants have provided reliable evidence 
that the PRO300 mRNA is differentially expressed in certain tumors. Whether this differential 
expression is due to changes in gene copy number, transcription rates, a combination of the two, 
or some other known or unknown cellular mechanism is simply not relevant to Applicants' 
asserted utility. 

Summary of Applicants [ Arguments and the PTO 's Response 

In an attempt to clarify Applicants' argument, Applicants offer a summary of their 
argument and the disputed issues involved. Applicants assert that the claimed antibodies have 
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utility as diagnostic tools for cancer, particularly lung cancer. Applicants are not asserting that 
the claimed antibodies necessarily provide a definitive diagnosis of lung cancer, but rather that 
they are useful, alone or in combination with other diagnostic tools to assist in the diagnosis of 
lung cancers. Applicants' asserted utility rests on the following argument: 

1. Applicants have provided reliable evidence that mRNA for the PRO300 polypeptide is 
expressed at least two-fold higher in normal lung tissue compared to lung tumor. 

2. Applicants assert that it is well-established in the art that a change in the level of 
mRNA for a particular protein, e.g. a decrease, generally leads to a corresponding change in the 
level of the encoded protein, e.g. a decrease; 

3. Given Applicants' evidence that the level of mRNA for the PRO300 polypeptide is 
decreased in lung tumor compared to normal lung tissue, it is likely that the level of PRO300 
polypeptide is also decreased in lung tumors and therefore antibodies to PRO300 are useful as a 
diagnostic tool to distinguish lung tumor from normal lung tissue. 

Applicants understand the Examiner to be making several arguments in response to 
Applicants' asserted utility: 

1. The Examiner argues that the data provided in Example 18 does not support the 
conclusion that the gene encoding PRO300 or PRO300 polypeptides are differentially expressed 
in lung cancer compared to normal tissue such that the PRO300 polynucleotides, polypeptides, 
and antibodies are useful as a diagnostic or therapeutic tool; 

2. The Examiner argues that different types of lung tumor tissue would not be expected 
to have the same gene expression pattern, and since the specification does not indicate what types 
of lung tumor tissue were used in Example 18, the data are insufficient to establish utility; 

3. The Examiner argues that because no mutation or translocation of PRO300 has been 
associated with lung cancer, and because it is not known whether the nucleic acid is involved in 
tumor suppression or is inhibited by tumor progression, the disclosure is insufficient to meet the 
utility requirement; 

4. The Examiner cites Hittleman et al to support her assertion that because aneuploid 
DNA can be found in normal tissue, detection of increased DNA copy number does not 
necessarily correlate with a cancerous state, and relies on Pennica et al as further evidence of the 
lack of correlation between gene amplification and protein levels; 
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5. The Examiner cites Hu et al and Gygi et al to support her assertion that the literature 
cautions against drawing conclusions based on small changes in transcription expression levels 
between normal and cancerous tissue, and that mRNA levels are not predictive of protein levels. 

As detailed below, Applicants submit that the PTO has failed to meet its initial burden to 
offer evidence "that one of ordinary skill in the art would reasonably doubt the asserted utility." 
In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). First, the Examiner has 
failed to offer relevant evidence to support her rejection of the data in Example 18 and the 
Declaration of Chris Grimaldi in support of these data. Second, the fact that no mutation or 
translocation of PRO300 has been associated with lung cancers does not prevent PRO300 or 
PRO300 antibodies from being useful as a diagnostic tool for the same. Third, Applicants 
submit that given the well-established correlation between a change in the level of mRNA with a 
corresponding change in the levels of the encoded protein, the PRO300 protein is likely 
differentially expressed in lung tumors. This provides utility for PRO300 and related proteins 
and PRO300 antibodies as cancer diagnostic tools. Finally, even if the PTO has met its initial 
burden, Applicants have submitted enough rebuttal evidence to establish that it is more likely 
than not that a person of skill in the art would be convinced, to a reasonable probability, that 
the asserted utility is true. As stated above, Applicants' evidence need not be direct evidence, so 
long as there is a reasonable correlation between the evidence and the asserted utility. The 
standard is not statistical or absolute certainty. 

Applicants have established that the Gene Encoding the PRO300 Polvvevtide is Differentially 
Expressed in Certain Cancers compared to Normal Tissue 

Applicants first address the PTO's argument that the evidence of differential expression 
of the gene encoding the PRO300 polypeptide lung tumors is insufficient. 

The gene expression data in the specification, Example 18, shows that the mRNA 
associated with protein PRO300 was more highly expressed in normal lung tissue compared to 
lung tumor. Gene expression was analyzed using standard semi-quantitative PCR amplification 
reactions of cDNA libraries isolated from different human tumor and normal human tissue 
samples. Identification of the differential expression of the PRO300 polypeptide-encoding gene 
in lung tumor tissue compared to the corresponding normal lung tissue renders the molecule 
useful as a diagnostic tool for the determination of the presence or absence of lung tumor. In 
support, Applicants previously submitted as Exhibit 1 a first Declaration of J. Christopher 
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Grimaldi, an expert in the field of cancer biology. This declaration explains the importance of 

the data in Example 18, and how differential gene and protein expression studies are used to 

differentiate between normal and tumor tissue (see Declaration, paragraph 7). 

In paragraph 5 of his declaration, Mr. Grimaldi states that the gene expression studies 

reported in Example 18 of the instant application were made from pooled samples of normal and 

of tumor tissues. Mr. Grimaldi explains that: 

The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely 
to be accurate than data obtained from a sample from a single individual That 
is, the detection of variations in gene expression is likely to represent a more 
generally relevant condition when pooled samples from normal tissues are 
compared with pooled samples from tumors in the same tissue type. 
(Paragraph 5) (emphasis added). 

The Examiner argues that "different types of cancer demonstrate different gene 
expression patterns and the measurement of a single gene would not necessarily be indicative of 
the presence or absence of cancer." Applicants disagree, and submit that the Examiner is 
essentially requiring Applicants to show data that the polypeptides can be used to detect or 
differentiate different types of lung cancer. Such a showing is not necessary for the asserted 
utilities of the claimed antibodies, e.g., diagnostic tools to distinguish between tumor tissue and 
normal tissue. Applicants assert that the differential expression data in Example 18 provide 
evidence that decreased expression of the PRO300 gene can provide a useful diagnostic tool for 
lung cancer, i.e. that the PRO300 gene "can be used to differentiate tumor from normal" 
(Grimaldi declaration, paragraph 7), and maintain that the Examiner's assertion that Applicants 
have not described what types of lung tumors were assayed in Example 18 does not detract from 
Applicants' asserted utility. 

In paragraphs 6 and 7, Mr. Grimaldi explains that the semi-quantitative analysis 

employed to generate the data of Example 18 is sufficient to determine if a gene is over- or 

under-expressed in tumor cells compared to corresponding normal tissue. He states that any 

visually detectable difference seen between two samples is indicative of at least a two-fold 

difference in cDNA between the tumor tissue and the counterpart normal tissue. Thus, the 

results of Example 18 reflect at least a two-fold difference between normal and tumor samples. 

He also states that the results of the gene expression studies indicate that the genes of interest 

"can be used to differentiate tumor from normal," thus establishing their reliability. He explains 
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that, contrary to the Examiner's assertions, "The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue." (Paragraph 7). Thus, since it is the relative level of expression between normal tissue 
and suspected cancerous tissue that is important, the precise level of expression in normal tissue 
is irrelevant. Likewise, there is no need for quantitative data to compare the level of expression 
in normal and tumor tissue. As Mr. Grimaldi states, "If a difference is detected, this indicates 
that the gene and its corresponding polypeptide and antibodies against the polypeptide are useful 
for diagnostic purposes, to screen samples to differentiate between normal and tumor." 

Applicants submit that the declaration of Mr. Grimaldi is based on personal knowledge of 
the relevant facts at issue. Mr. Grimaldi is an expert in the field and conducted or supervised the 
experiments at issue. Applicants remind the Examiner that "[ojffice personnel must accept an 
opinion from a qualified expert that is based upon relevant facts whose accuracy is not being 
questioned." PTO Utility Examination Guidelines (2001) (emphasis added). In addition, 
declarations relating to issues of fact should not be summarily dismissed as "opinions" without 
an adequate explanation of how the declaration fails to rebut the Examiner's position. In re Alton 
76 F.3d 1168 (Fed. Cir. 1996). The Examiner has not supplied any reasons or evidence to 
question the accuracy of the facts upon which Mr. Grimaldi based his opinion, other than the 
Examiner's assertions that aneuploid DNA can be found in normal tissue, and that not all tumor 
tissue would be expected to have the same expression pattern for a given gene. See, Office 
Action at 6-7. As discussed above, evidence relating to DNA copy number is irrelevant to the 
issue at hand, as is an assertion that Applicants have not detailed the types of lung tumors tested. 
Mr. Grimaldi has personal knowledge of the relevant facts, has based his opinion on those facts, 
and the Examiner has offered no reason or evidence to reject either the underlying facts or his 
opinion. Applicants submit that for the reasons stated above, the Examiner's arguments are 
unpersuasive, and the Examiner should accept Mr. Grimaldi 's opinion with regard to his 
statement that "any visually detectable difference seen between two samples is indicative of at 
least a two-fold difference in cDNA between the tumor tissue and the counterpart normal tissue" 
and that the genes of interest "can be used to differentiate tumor from normal." Together, these 
statements establish that there is at least a two-fold difference in expression, and that the results 
are reliable enough that they can be used to distinguish tumor from normal tissue. Finally, 
Applicants submit that whether this differential expression is due to an increase in chromosomal 
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copy number or increased transcription rates is not relevant to whether the difference in 
expression can be used to distinguish tumor from normal tissue. 

In conclusion, Applicants submit that the evidence reported in Example 18, combined 
with the first Grimaldi Declaration, establish that there is at least a two-fold difference in 
PRO300 cDNA between lung tumor tissue and normal lung tissue. Therefore, it follows that 
expression levels of the PRO300 gene can be used to distinguish lung tumor tissue from normal 
lung tissue. The Examiner has not offered any significant arguments or evidence to the contrary. 

As Applicants explain below, it is more likely than not that the PRO300 polypeptide is 
also differentially expressed in lung tumor, and can therefore be used to distinguish the same 
tumor tissue from normal lung counterparts. This provides utility for the claimed PRO300 
antibodies. 

Applicants have established that the Accepted Understanding in the Art is that there is a Direct 
Correlation between mRNA Levels and the Level of Expression of the Encoded Protein 

Applicants next turn to the second portion of their argument in support of their asserted 
utility - that it is well-established in the art that a change in the level of mRNA for a particular 
protein generally leads to a corresponding change in the level of the encoded protein; given 
Applicants' evidence of differential expression of the mRNA for the PRO300 polypeptide in 
lung, it is more likely than not that the PRO300 polypeptide is differentially expressed; and 
proteins differentially expressed in lung tumor have utility as diagnostic tools. 

In support of the assertion that changes in mRNA are positively correlated to changes in 
protein levels, Applicants previously submitted a copy of a second Declaration by J. Christopher 
Grimaldi, an expert in the field of cancer biology (previously attached as Exhibit 2). As stated in 
paragraph 5 of the declaration, "Those who work in this field are well aware that in the vast 
majority of cases, when a gene is over-expressed... the gene product or polypeptide will also be 
over-expressed.... This same principal applies to gene under-expression." Further, "the 
detection of increased mRNA expression is expected to result in increased polypeptide 
expression, and the detection of decreased mRNA expression is expected to result in decreased 
polypeptide expression. The detection of increased or decreased polypeptide expression can be 
used for cancer diagnosis and treatment." The references cited in the declaration and submitted 
herewith support this statement. 



-15- 



Appl. No. : 10/063,517 

Filed : May 7, 2002 



Applicants also previously submitted a copy of the declaration of Paul Polakis, Ph.D. 

(previously attached as Exhibit 3), an expert in the field of cancer biology. As stated in 

paragraph 6 of his declaration: 

Based on my own experience accumulated in more than 20 years of research, 
including the data discussed in paragraphs 4 and 5 above [showing a positive 
correlation between mRNA levels and encoded protein levels in the vast majority 
of cases] and my knowledge of the relevant scientific literature, it is my 
considered scientific opinion that for human genes, an increased level of mRNA 
in a tumor cell relative to a normal cell typically correlates to a similar increase in 
abundance of the encoded protein in the tumor cell relative to the normal cell. In 
fact, it remains a central dogma in molecular biology that increased mRNA levels 
are predictive of corresponding increased levels of the encoded protein. 
(Emphasis added). 

Dr. Polakis acknowledges that there are published cases where such a correlation does not exist, 
but states that it is his opinion, based on over 20 years of scientific research, that "such reports 
are exceptions to the commonly understood general rule that increased mRNA levels are 
predictive of corresponding increased levels of the encoded protein." (Polakis Declaration, 
paragraph 6). 

The statements of Grimaldi and Polakis are supported by the teachings in Molecular 
Biology of the Cell, a leading textbook in the field (Bruce Alberts, et al. 9 Molecular Biology of 
the Cell (3 rd ed. 1994) (submitted herewith as Exhibit 1) and (4 th ed. 2002) (previously submitted 
as Exhibit 4, hereinafter "Alberts, 4 th Ed."). Figure 9-2 of Exhibit 1 shows the steps at which 
eukaryotic gene expression can be controlled. The first step depicted is transcriptional control. 
Exhibit 1 provides that "[f]or most genes transcriptional controls are paramount. This makes 
sense because, of all the possible control points illustrated in Figure 9-2, only transcriptional 
control ensures that no superfluous intermediates are synthesized." Exhibit 1 at 403 (emphasis 
added). In addition, the text states that "Although controls on the initiation of gene transcription 
are the predominant form of regulation for most genes , other controls can act later in the pathway 
from RNA to protein to modulate the amount of gene product that is made." Exhibit 1 at 453 
(emphasis added). Thus, as established in Exhibit 1, the predominant mechanism for regulating 
the amount of protein produced is by regulating transcription initiation. 

In Alberts, 4 th Ed., Figure 6-3 on page 302 illustrates the basic principle that there is a 

correlation between increased gene expression and increased protein expression. The 

accompanying text states that "a cell can change (or regulate) the expression of each of its genes 
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according to the needs of the moment - most obviously by controlling the production of its 
mRNA." Alberts, 4 th Ed. at 302 (emphasis added). Similarly, Figure 6-90 on page 364 of 
Alberts, 4 th Ed. illustrates the path from gene to protein. The accompanying text states that while 
potentially each step can be regulated by the cell, " the initiation of transcription is the most 
common point for a cell to regulate the expression of each of its genes ." Alberts, 4 th Ed. at 364 
(emphasis added). This point is repeated on page 379, where the authors state that of all the 
possible points for regulating protein expression, " ffjor most genes transcriptional controls are 
paramount ." Alberts, 4 th Ed. at 379 (emphasis added). 

Further support for Applicants' position can be found in the textbook, Genes VI, 
(Benjamin Lewin, Genes VI (1997)) (submitted herewith as Exhibit 2) which states "having 
acknowledged that control of gene expression can occur at multiple stages, and that production of 
RNA cannot inevitably be equated with production of protein, it is clear that the overwhelming 
majority of regulatory events occur at the initiation of transcription ." Genes VI at 847-848 
(emphasis added). 

Additional support is also found in Zhigang et al. y World Journal of Surgical Oncology 
2:13, 2004, submitted herewith as Exhibit 3. Zhigang studied the expression of prostate stem 
cell antigen (PSCA) protein and mRNA to validate it as a potential molecular target for diagnosis 
and treatment of human prostate cancer. The data showed "a high degree of correlation between 
PSCA protein and mRNA expression" Exhibit 3 at 6. Of the samples tested, 81 out of 87 
showed a high degree of correlation between mRNA expression and protein expression. The 
authors conclude that "it is demonstrated that PSCA protein and mRNA overexpressed in human 
prostate cancer, and that the increased protein level of PSCA was resulted from the upregulated 
transcription of its mRNA." Exhibit 3 at 11. Even though the correlation between mRNA 
expression and protein expression occurred in 93% of the samples tested, not 100%, the authors 
state that "PSCA may be a promising molecular marker for the clinical prognosis of human Pea 
and a valuable target for diagnosis and therapy of this tumor." Id. 

Further, Meric et al 9 Molecular Cancer Therapeutics, vol. 1, 971-979 (2002), submitted 

herewith as Exhibit 4, states the following: 

The fundamental principle of molecular therapeutics in cancer is to exploit the 
differences in gene expression between cancer cells and normal cells... [M]ost 
efforts have concentrated on identifying differences in gene expression at the level 
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of mRNA, which can be attributable to either DNA amplification or to differences 
in transcription. Meric et al at 971 (emphasis added). 

Those of skill in the art would not be focusing on differences in gene expression between cancer 
cells and normal cells if there were no correlation between gene expression and protein 
expression. 

Together, the declarations of Grimaldi and Polakis, the accompanying references, and the 
excerpts and references provided above all establish that the accepted understanding in the art is 
that there is a reasonable correlation between changes in gene expression and the level of the 
encoded protein. 

In response to the second Grimaldi Declaration and the Polakis Declaration, the Examiner 
makes three arguments. First, the Examiner states that unlike Her2/Neu and t(5;14) discussed in 
the second Grimaldi declaration, the PRO300 gene has not been associated with tumor 
formation, and no translocation of PRO300 is known to occur. The Examiner concludes that in 
the absence of any of the above information, the disclosure is insufficient to meet the utility 
requirement. Second, the Examiner maintains that "one cannot determine from the data in the 
specification whether the observed 'amplification' of nucleic acid is due to increase in 
chromosomal copy number, or alternatively due to an increase in transcription rates." Office 
Action at 8. Finally, the Examiner cites to Pennica, Hu, and Gygi in support of her position that 
increased DNA copy number does not necessarily correlate with increased gene product level, 
that there is no correlation between differential mRNA expression levels and a known role in 
cancer, and that transcript levels provide little predictive value with respect to levels of protein 
expression. Applicants address each argument in turn. 

Applicants submit that a lack of known role for PRO300 in cancer does not prevent its 
use as a diagnostic tool for cancer. The fact that there is no known translocation or mutation of 
PRO300 is irrelevant to whether its differential expression can be used to assist in diagnosis of 
cancer - one does not need to know why PRO300 is differentially expressed, or what the 
consequence of the differential expression is, in order to exploit the differential expression to 
distinguish tumor from normal tissue. In fact the Revised Interim Utility Guidelines promulgated 
by the PTO recognize that proteins which are differentially expressed in cancer have utility. {See 
the caveat in Example 12 which state that the utility requirement is satisfied where a protein is 
expressed in melanoma cells but not on normal skin and antibodies against the protein can be 
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used to diagnose cancer.) In light of the above, Applicants maintain that the Examiner's position 
that "over-expression of a gene product in a cancer cell does not necessarily meant that the gene 
product itself is involved in the cancer and that targeting the gene product could also be 
therapeutic/ 5 is contrary to the PTO guidelines. In addition, while Applicants appreciate that 
actions taken in other applications are not binding on the PTO with respect to the present 
application, Applicants note that the PTO has issued several patents claiming differentially 
expressed polypeptides. {See, e.g., U.S. Patent No. 6,414,117 and U.S. Patent No. 6,124,433, 
attached hereto as Exhibits 5 and 6.) 

In response to the Examiner's second argument, Applicants reiterate that the data in 
Example 18 are gene expression data, not gene amplification data. The specification and the first 
Grimaldi Declaration make clear that Example 18 used semi-quantitative PCR of cDNA 
libraries, and disclose differential PRO300 gene expression, not gene amplification. As 
discussed above, the Examiner cites Pennica et al for support of the argument that gene 
amplification does not necessarily lead to increased gene expression. This reference is irrelevant 
to the instant application which reports differential gene expression, not gene amplification. 
Therefore, the reference and the Examiner's arguments regarding gene amplification do not 
support the Examiner's challenge of the sufficiency of the Example 18 data, or the first Grimaldi 
Declaration. Likewise, the Examiner's reliance on Hittleman et al is equally ineffective to cast 
any doubt on Applicants' asserted utilities and evidence in support thereof. As with Pennica et 
al, Hittleman et al relates to aneuploidy and DNA copy number, and is simply irrelevant to the 
gene expression data presented in Example 18. As such, neither Pennica et al or Hittleman et al 
cast doubt on Applicants' asserted utilities. 

In further support of her rejection of Applicants' asserted utilities and testimony, the 
Examiner cites Hu et al (2003, J. Proteome Research, 2: 405-412) for the proposition that "the 
literature cautions researchers from drawing conclusions based on small changes in transcript 
expression levels between normal and cancerous tissue." Office Action at 10. Applicants submit 
that Hu is uninformative regarding the correlation between gene expression level and protein 
levels. In Hu, the researchers used an automated literature-mining tool to summarize and 
estimate the relative strengths of all human gene-disease relationships published on Medline. 
They then generated a microarray expression dataset comparing breast cancer and normal breast 
tissue. Using their data-mining tool, they looked for a correlation between the strength of the 
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literature association between the gene and breast cancer, and the magnitude of the difference in 
expression level. They report that for genes displaying a 5-fold change or less in tumors 
compared to normal, there was no evidence of a correlation between altered gene expression and 
a known role in the disease. See Hu at 411. However, among genes with a 10-fold or more 
change in expression level, there was a strong correlation between expression level and a 
published role in the disease. Id. at 412. Importantly, Hu reports that the observed correlation 
was only found among estrogen receptor-positive tumors, not ER-negative tumors. Id. 

The general findings of Hu are not surprising - one would expect that genes that have the 
greatest change in expression in a disease would be the first targets of research, and therefore 
have the strongest known relationship to the disease as measured by the number of. reports of a 
connection in the literature. But this does not mean that genes, and their corresponding proteins, 
with a lower level of change in expression are not important or cannot be used as molecular 
markers of the disease. This is demonstrated by the fact that ER-negative tumors did not show a 
correlation. The correlation reported in Hu only indicates that the greater the change in 
expression level, the more likely it is that there is a published or known role for the gene in the 
disease, as found by their automated literature-mining software. Nowhere in Hu does it say that a 
lack of correlation in their study means that the genes, and their corresponding proteins, with a 
less than five-fold change in level of expression in cancer cannot serve as a molecular marker of 
cancer. Genes with lower levels of change in expression may or may not be the most important 
genes in causing the disease, but the genes and their corresponding proteins can still show a 
consistent and measurable change in expression. While such genes and polypeptides may or may 
not be good targets for further research, they can nonetheless be used as diagnostic tools. Thus, 
Hu does not refute the Applicants' assertion that the PRO300 gene and its corresponding 
polypeptide can be used as a cancer diagnostic tool because they are differentially expressed in 
melanoma relative to normal skin tissue. 

Finally, the Examiner cites Gygi et al for the proposition that "transcript levels provide 
little predictive value with respect to the extent of protein expression," and thus one skilled in the 
art would doubt the principle that mRNA levels and protein levels correlate. Office Action at 1 1 . 
Although Gygi states that "there was a general trend of increased protein levels resulting from 
increased mRNA levels," (Gygi, p. 1726), the Examiner argues that the correlation observed in 
Gygi "was highly biased by a small number of genes with very large protein and message levels." 
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Office Action at 1 1 . Applicants note that Gygi states that the high degree of variability seen at 
low levels of mRNA is due to the fact that "the magnitude of the error in the measurement of 
mRNA levels is inversely proportional to the mRNA levels." Gygi, p. 1727. Applicants also 
note that Gygi states that the correlation between mRNA and protein levels is especially strong 
for highly expressed mRNAs. Gygi, p. 1726. Considering that Example 18 of the specification 
shows over-expression of PRO300 mRNA in normal lung, Gygi actually provides strong 
evidence in support of a general correlation between mRNA and protein levels, and thus the 
utility of the claimed PRO300 antibodies. 

In view of the above, Applicants submit that the references cited by the Examiner do not 
cast doubt on Applicants' asserted utilities or the testimony of Dr. Grimaldi and Dr. Polakis. To 
the contrary, the cited references support Applicants' position that more likely than not, one 
skilled in the art would not doubt Applicants' asserted utility. 

The Arguments made by the Examiner are Not Sufficient to satisfy the PTO's Initial Burden of 
Offering Eyidence "that one o f ordinary skill in the art would reasonably doubt the asserted 
utility" 

As stated above, an Applicants assertion of utility creates a presumption of utility that 

will be sufficient to satisfy the utility requirement of 35 U.S.C. § 101, "unless there is a reason 

for one skilled in the art to question the objective truth of the statement of utility or its scope." In 

re hanger, 503 F.2d 1380, 1391, 183 USPQ 288, 297 (CCPA 1974). The evidentiary standard to 

be used throughout ex parte examination in setting forth a rejection is a preponderance of the 

evidence, or "more likely than not" standard. In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 

1443, 1444 (Fed. Cir. 1992). This is stated explicitly in the M.P.E.P.: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a 
whole, it leads a person of ordinary skill in the art to conclude that the asserted 
utility is more likely than not . M.P.E.P. at § 2107.02, part VII (2004) (underline 
emphasis in original, bold emphasis added, internal citations omitted). 

The PTO has the initial burden to offer evidence "that one of ordinary skill in the art 

would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 

1436 (Fed. Cir. 1995). Only then does the burden shift to the Applicant to provide rebuttal 
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evidence. Id. As stated in the M.P.E.P., such rebuttal evidence does not need to absolutely prove 
that the asserted utility is real Rather, the evidence only needs to be reasonably indicative of the 
asserted utility. 

Considering the totality of the evidence of record, Applicants submit that the PTO has not 
met its initial burden of overcoming the presumption that the asserted utility is sufficient to 
satisfy the utility requirement. The evidence proffered by the Examiner to counter Applicants 5 
own evidence is either irrelevant to the issue at hand concerning the data in Example 18, (e.g., 
Pennica et al, Hittleman et al.), or fails to establish that one skilled in the art would more likely 
than not doubt Applicants' asserted utility (e.g., Hu et al and Gygi et al). Further, even if the 
PTO has met its initial burden, the Applicants' supporting rebuttal evidence from experts and 
leading textbooks in the fieldis sufficient to establish that one of skill in the art would be more 
likely than not to believe that the claimed antibodies can be used as diagnostic tools for cancer, 
particularly lung cancer. Certainly, the Examiner has not provided evidence that establishes that 
Applicants' asserted utilities are " wholly inconsistent with the contemporary knowledge in the 
art." MPEP§ 2107.02 III B. 
Conclusion 

The Examiner has asserted several arguments for why there is a lack of a substantial 
utility: (1) that the data provided in Example 18 does not support the conclusion that the gene 
encoding PRO300 or PRO300 itself is differentially expressed in lung cancer compared to 
normal tissue; (2) that different types of lung tumor tissue would not be expected to have the 
same gene expression pattern; (3) that no mutation or translocation of PRO300 has been 
associated with lung cancer; (4) that aneuploid DNA can be found in normal tissue, and detection 
of increased DNA copy number does not necessarily correlate with a cancerous state; and (5) that 
Applicants have not provided evidentiary support for the proposition that increased mRNA levels 
are predictive of corresponding increased levels of the encoded polypeptide. For the above 
reasons, the Examiner has, maintained the position that the claimed PRO300 antibodies cannot be 
used as cancer diagnostic or therapeutic tools. Applicants have addressed each of these 
arguments in turn. 

First, the Applicants provided a first Declaration of Chris Grimaldi stating that given the 
at least two-fold difference in expression levels, the disclosed nucleic acids and corresponding 
polypeptides and antibodies have utility as cancer diagnostic tools. Applicants have also 
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established that the asserted utilities for the claimed antibodies exist regardless of the cause or 
consequences of the differential expression. Next, Applicants have demonstrated that the 
possibility that PRO300 is not differentially expressed in all types of tumor does not detract from 
Applicants' asserted utility. 

Finally, Applicants submit that the second Grimaldi Declaration and Polakis Declaration, 
the accompanying references, as well as the excerpts and references cited above, demonstrate that 
it is well-established in the art that a change in mRNA levels generally correlates to a 
corresponding change in the encoded protein levels. The Examiner has not offered any 
substantial reasoning or evidence to the contrary - they Examiner has cited to references that 
either do not relate to mRNA and protein expression levels, or that simply do not establish that 
one skilled in the art would reasonably doubt Applicants' asserted utility. 

Given the totality of the evidence provided, Applicants submit that they have established 

a substantial, specific, and credible utility for the claimed antibodies as diagnostic tools. 

According to the PTO Utility Examination Guidelines (2001), irrefutable proof of a claimed 

utility is not required. Rather, a specific, substantial, and credible utility requires only a 

"reasonable" confirmation of a real world context of use. Applicants remind the PTO that: 

A small degree of utility is sufficient . . . The claimed invention must only be 
capable of performing some beneficial function ... An invention does not lack 
utility merely because the particular embodiment disclosed in the patent lacks 
perfection or performs crudely ... A commercially successful product is not 
required . . . Nor is it essential that the invention accomplish all its intended 
functions ... or operate under all conditions . . . partial success being sufficient to 
demonstrate patentable utility ... In short, the defense of non-utility cannot be 
sustained without proof of total incapacity. If an invention is only partially 
successful in achieving a useful result, a rejection of the claimed invention as a 
whole based on a lack of utility is not appropriate. M.P.E.P. at 2107.01 (underline 
emphasis in original, bold emphasis added, citations omitted). 

Applicants submit that they have established that it is more likely than not that one of 
skill in the art would reasonably accept the utility for the claimed antibodies as diagnostic tools 
as set forth in the specification. In view of the above, Applicants respectfully request that the 
Examiner reconsider and withdraw the utility rejection under 35 U.S.C. §101. 
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Rejection Under 35 U.S.C. § 112, First Paraeraph - Enablement 

The Examiner has rejected Claims 1-5 under 35 U.S.C. §1 12, first paragraph, as not being 
enabled since the claimed invention allegedly lacks utility. According to the Examiner, 
significant further experimentation would be necessary to be able to use the claimed antibodies 
because no function has been determined for the same. 

Applicants submit that in the discussion of the 35 U.S.C. § 101 rejection above, 
Applicants have established a substantial, specific, and credible utility for the claimed antibodies. 
Applicants therefore request that the Examiner reconsider and withdraw the enablement rejection 
to the extent that it is based on a lack of utility for the claimed antibodies. 

Rejection Under 35 U.S.C. S 102(b) - Anticipation 

The Examiner has maintained the rejection of Claims 1-8 and 11-13 as being anticipated 
by WO 01/16318 to Eaton et al., to which Applicants claim priority. According to the Examiner, 
the claimed invention does not fulfill the requirements of 35 U.S.C. § 112, and thus Applicants 
are not entitled to the benefit of WO 01/16318, and cites the same against Applicants' present 
application. 

Under 35 U.S.C. § 120, an applicant is entitled to the benefit of the filing date of an 
earlier filed application that discloses the same invention in the manner provided by 35 U.S.C. 
§112, first paragraph, provided the applicant properly claims priority to the earlier application. 
In a preliminary amendment filed on September 3, 2002, Applicants made specific reference to 
WO 01/16318, claiming priority thereto. WO 01/16318 contains the same disclosure relating to 
PRO300 and its utilities as the instant application, including the data in Example 18. For the 
same reasons detailed above in the Remarks addressed to the rejections under 35 U.S.C. § 101 
and 112 in the instant response, Applicants submit that the WO 01/16318 is enabling for and 
adequately describes the claimed invention. Therefore, because Applicants have properly 
claimed priority to WO 01/16318, and because WO 01/16318 satisfies the requirements of 35 
U.S.C. § 112, Applicants are fully entitled to the benefit of the filing date of WO 01/16318. 
Applicants respectfully request that the Examiner reconsider and withdraw the rejection under 35 
U.S.C. § 102(b). 
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CONCLUSION 

In view of the above, Applicants respectfully maintain that claims are patentable and 
request that they be passed to issue. Applicants invite the Examiner to call the undersigned if any 
remaining issues may be resolved by telephone. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 1 1-1410. 



1689541 
043005 



Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 



Dated: 



By: 



AnneMarie Kaisqr 
Registration No. 37,649 
Attorney of Record 
Customer No. 30,3 1 3 
(619) 235-8550 
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SECRETED AND TRANSMEMBRANE POLYPEPTIDES AND NUCLEIC ACIDS 

ENCODING THE SAME 
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Related Applications CO 
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This application is a continuation of, and claims priority under 35 USC § 120 to, US ^ 

Application 10/006867 filed 12/6/2001, which is a continuation of, and claims priority under p= 

35 USC § 120 to, PCT Application PCT/US00/23328 filed 8/24/00, which is a continuation-in j§ 

part of, and claims priority under 35 USC §120 to, US Application 09/380138 filed 8/25/1999, fU 

now abandoned, which is the National Stage filed under 35 USC §371 of PCT Application ^ 

PCT/US99/05028 filed 3/8/1999, which claims priority under 35 USC §1 19 to US ^ 
ProvisionalApplication 60/082797 filed 4/22/1 998. 

Field of the Invention 

[0001] The present invention relates generally to the identification and isolation of 
novel DNA and to the recombinant production of novel polypeptides. 



Background of the Invention 
[0002] Extracellular proteins play important roles in, among other things, the 
formation, differentiation and maintenance of multicellular organisms. The fate of many 
individual cells, e.g., proliferation, migration, differentiation, or interaction with other cells, is 
typically governed by information received from other cells and/or the immediate 
environment. This information is often transmitted by secreted polypeptides (for instance, 
mitogenic factors, survival factors, cytotoxic factors, differentiation factors, neuropeptides, 
and hormones) which are, in turn, received and interpreted by diverse cell receptors or 
membrane-bound proteins. These secreted polypeptides or signaling molecules normally pass 
through the cellular secretory pathway to reach their site of action in the extracellular 
environment. 

[0003] Secreted proteins have various industrial applications, including as 
pharmaceuticals, diagnostics, biosensors and bioreactors. Most protein drugs available at 
present, such as thrombolytic agents, interferons, interleukins, erythropoietins, colony 
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stimulating factors, and various other cytokines, are secretory proteins. Their receptors, which 
are membrane proteins, also have potential as therapeutic or diagnostic agents. Efforts are 
being undertaken by both industry and academia to identify new, native secreted proteins. 
Many efforts are focused on the screening of mammalian recombinant DNA libraries to 
identify the coding sequences for novel secreted proteins. Examples of screening methods and 
techniques are described in the literature [see, for example, Klein et al., Proc. Natl. Acad. Sci. 
93:7108-7113 (1996); U.S. Patent No. 5,536,637)]. 

[0004] Membrane-bound proteins and receptors can play important roles in, among 
other things, the formation, differentiation and maintenance of multicellular organisms. The 
fate of many individual cells, e.g., proliferation, migration, differentiation, or interaction with 
other cells, is typically governed by information received from other cells and/or the immediate 
environment. This information is often transmitted by secreted polypeptides (for instance, 
mitogenic factors, survival factors, cytotoxic factors, differentiation factors, neuropeptides, 
and hormones) which are, in turn, received and interpreted by diverse cell receptors or 
membrane-bound proteins. Such membrane-bound proteins and cell receptors include, but are 
not limited to, cytokine receptors, receptor kinases, receptor phosphatases, receptors involved 
in cell-cell interactions, and cellular adhesin molecules like selectins and integrins. For 
instance, transduction of signals that regulate cell growth and differentiation is regulated in part 
by phosphorylation of various cellular proteins. Protein tyrosine kinases, enzymes that 
catalyze that process, can also act as growth factor receptors. Examples include fibroblast 
growth factor receptor and nerve growth factor receptor. 

[0005] Membrane-bound proteins and receptor molecules have various industrial 
applications, including as pharmaceutical and diagnostic agents. Receptor immunoadhesins, 
for instance, can be employed as therapeutic agents to block receptor-ligand interactions. The 
membrane-bound proteins can also be employed for screening of potential peptide or small 
molecule inhibitors of the relevant receptor/ligand interaction. 

[0006] Efforts are being undertaken by both industry and academia to identify new, 
native receptor or membrane-bound proteins. Many efforts are focused on the screening of 
mammalian recombinant DNA libraries to identify the coding sequences for novel receptor or 
membrane-bound proteins. 
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Summary of the Invention 

[0007] In one embodiment, the invention provides an isolated nucleic acid 
molecule comprising a nucleotide sequence that encodes a PRO polypeptide. 

[0008] In one aspect, the isolated nucleic acid molecule comprises a nucleotide 
sequence having at least about 80% nucleic acid sequence identity, alternatively at least about 
81% nucleic acid sequence identity, alternatively at least about 82% nucleic acid sequence 
identity, alternatively at least about 83% nucleic acid sequence identity, alternatively at least 
about 84% nucleic acid sequence identity, alternatively at least about 85% nucleic acid 
sequence identity, alternatively at least about 86% nucleic acid sequence identity, alternatively 
at least about 87% nucleic acid sequence identity, alternatively at least about 88% nucleic acid 
sequence identity, alternatively at least about 89% nucleic acid sequence identity, alternatively 
at least about 90% nucleic acid sequence identity, alternatively at least about 91% nucleic acid 
sequence identity, alternatively at least about 92% nucleic acid sequence identity, alternatively 
at least about 93% nucleic acid sequence identity, alternatively at least about 94% nucleic acid 
sequence identity, alternatively at least about 95% nucleic acid sequence identity, alternatively 
at least about 96% nucleic acid sequence identity, alternatively at least about 97% nucleic acid 
sequence identity, alternatively at least about 98% nucleic acid sequence identity and 
alternatively at least about 99% nucleic acid sequence identity to (a) a DNA molecule encoding 
a PRO polypeptide having a full-length amino acid sequence as disclosed herein, an amino acid 
sequence lacking the signal peptide as disclosed herein, an extracellular domain of a 
transmembrane protein, with or without the signal peptide, as disclosed herein or any other 
specifically defined fragment of the lull-length amino acid sequence as disclosed herein, or (b) 
the complement of the DNA molecule of (a). 

[0009] In other aspects, the isolated nucleic acid molecule comprises a nucleotide 
sequence having at least about 80% nucleic acid sequence identity, alternatively at least about 
81% nucleic acid sequence identity, alternatively at least about 82% nucleic acid sequence 
identity, alternatively at least about 83% nucleic acid sequence identity, alternatively at least 
about 84%o nucleic acid sequence identity, alternatively at least about 85% nucleic acid 
sequence identity, alternatively at least about 86% nucleic acid sequence identity, alternatively 
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at least about 87% nucleic acid sequence identity, alternatively at least about 88% nucleic acid 
sequence identity, alternatively at least about 89% nucleic acid sequence identity, alternatively 
at least about 90% nucleic acid sequence identity, alternatively at least about 91% nucleic acid 
sequence identity, alternatively at least about 92% nucleic acid sequence identity, alternatively 
at least about 93% nucleic acid sequence identity, alternatively at least about 94% nucleic acid 
sequence identity, alternatively at least about 95% nucleic acid sequence identity, alternatively 
at least about 96% nucleic acid sequence identity, alternatively at least about 97% nucleic acid 
sequence identity, alternatively at least about 98% nucleic acid sequence identity and 
alternatively at least about 99% nucleic acid sequence identity to (a) a DNA molecule 
comprising the coding sequence of a full-length PRO polypeptide cDNA as disclosed herein, 
the coding sequence of a PRO polypeptide lacking the signal peptide as disclosed herein, the 
coding sequence of an extracellular domain of a transmembrane PRO polypeptide, with or 
without the signal peptide, as disclosed herein or the coding sequence of any other specifically 
defined fragment of the full-length amino acid sequence as disclosed herein, or (b) the 
complement of the DNA molecule of (a). 

[0010] In a further aspect, the invention concerns an isolated nucleic acid molecule 
comprising a nucleotide sequence having at least about 80% nucleic acid sequence identity, 
alternatively at least about 81% nucleic acid sequence identity, alternatively at least about 82% 
nucleic acid sequence identity, alternatively at least about 83% nucleic acid sequence identity, 
alternatively at least about 84% nucleic acid sequence identity, alternatively at least about 85% 
nucleic acid sequence identity, alternatively at least about 86% nucleic acid sequence identity, 
alternatively at least about 87% nucleic acid sequence identity, alternatively at least about 88% 
nucleic acid sequence identity, alternatively at least about 89% nucleic acid sequence identity, 
alternatively at least about 90% nucleic acid sequence identity, alternatively at least about 91% 
nucleic acid sequence identity, alternatively at least about 92% nucleic acid sequence identity, 
alternatively at least about 93% nucleic acid sequence identity, alternatively at least about 94% 
nucleic acid sequence identity, alternatively at least about 95% nucleic acid sequence identity, 
alternatively at least about 96% nucleic acid sequence identity, alternatively at least about 97% 
nucleic acid sequence identity, alternatively at least about 98% nucleic acid sequence identity 
and alternatively at least about 99% nucleic acid sequence identity to (a) a DNA molecule that 
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encodes the same mature polypeptide encoded by any of the human protein cDNAs deposited 
with the ATCC as disclosed herein, or (b) the complement of the DNA molecule of (a). 

[0011] Another aspect the invention provides an isolated nucleic acid molecule 
comprising a nucleotide sequence encoding a PRO polypeptide which is either transmembrane 
domain-deleted or transmembrane domain-inactivated, or is complementary to such encoding 
nucleotide sequence, wherein the transmembrane domain(s) of such polypeptide are disclosed 
herein. Therefore, soluble extracellular domains of the herein described PRO polypeptides are 
contemplated. 

[0012] Another embodiment is directed to fragments of a PRO polypeptide coding 
sequence, or the complement thereof, that may find use as, for example, hybridization probes, 
for encoding fragments of a PRO polypeptide that may optionally encode a polypeptide 
comprising a binding site for an anti-PRO antibody or as antisense oligonucleotide probes. 
Such nucleic acid fragments are usually at least about 20 nucleotides in length, alternatively at 
least about 30 nucleotides in length, alternatively at least about 40 nucleotides in length, 
alternatively at least about 50 nucleotides in length, alternatively at least about 60 nucleotides 
in length, alternatively at least about 70 nucleotides in length, alternatively at least about 80 
nucleotides in length, alternatively at least about 90 nucleotides in length, alternatively at least 
about 100 nucleotides in length, alternatively at least about 110 nucleotides in length, 
alternatively at least about 120 nucleotides in length, alternatively at least about 130 
nucleotides in length, alternatively at least about 140 nucleotides in length, alternatively at least 
about 150 nucleotides in length, alternatively at least about 160 nucleotides in length, 
alternatively at least about 170 nucleotides in length, alternatively at least about 180 
nucleotides in length, alternatively at least about 190 nucleotides in length, alternatively at least 
about 200 nucleotides in length, alternatively at least about 250 nucleotides in length, 
alternatively at least about 300 nucleotides in length, alternatively at least about 350 
nucleotides in length, alternatively at least about 400 nucleotides in length, alternatively at least 
about 450 nucleotides in length, alternatively at least about 500 nucleotides in length, 
alternatively at least about 600 nucleotides in length, alternatively at least about 700 
nucleotides in length, alternatively at least about 800 nucleotides in length, alternatively at least 
about 900 nucleotides in length and alternatively at least about 1000 nucleotides in length, 
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wherein in this context the term "about" means the referenced nucleotide sequence length plus 
or minus 10% of that referenced length. It is noted that novel fragments of a PRO 
polypeptide-encoding nucleotide sequence may be determined in a routine manner by aligning 
the PRO polypeptide-encoding nucleotide sequence with other known nucleotide sequences 
using any of a number of well known sequence alignment programs and determining which 
PRO polypeptide-encoding nucleotide sequence fragment(s) are novel. All of such PRO 
polypeptide-encoding nucleotide sequences are contemplated herein. Also contemplated are 
the PRO polypeptide fragments encoded by these nucleotide molecule fragments, preferably 
those PRO polypeptide fragments that comprise a binding site for an anti-PRO antibody. 

[0013] In another embodiment, the invention provides isolated PRO polypeptide 
encoded by any of the isolated nucleic acid sequences hereinabove identified. 

[0014] In a certain aspect, the invention concerns an isolated PRO polypeptide, 
comprising an amino acid sequence having at least about 80% amino acid sequence identity, 
alternatively at least about 81% amino acid sequence identity, alternatively at least about 82% 
amino acid sequence identity, alternatively at least about 83% amino acid sequence identity, 
alternatively at least about 84% amino acid sequence identity, alternatively at least about 85% 
amino acid sequence identity, alternatively at least about 86% amino acid sequence identity, 
alternatively at least about 87% amino acid sequence identity, alternatively at least about 88% 
amino acid sequence identity, alternatively at least about 89% amino acid sequence identity, 
alternatively at least about 90% amino acid sequence identity, alternatively at least about 91% 
amino acid sequence identity, alternatively at least about 92% amino acid sequence identity, 
alternatively at least about 93% amino acid sequence identity, alternatively at least about 94% 
amino acid sequence identity, alternatively at least about 95% amino acid sequence identity, 
alternatively at least about 96% amino acid sequence identity, alternatively at least about 97% 
amino acid sequence identity, alternatively at least about 98% amino acid sequence identity 
and alternatively at least about 99% amino acid sequence identity to a PRO polypeptide having 
a full-length amino acid sequence as disclosed herein, an amino acid sequence lacking the 
signal peptide as disclosed herein, an extracellular domain of a transmembrane protein, with or 
without the signal peptide, as disclosed herein or any other specifically defined fragment of the 
full-length amino acid sequence as disclosed herein. 
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[0015] In a further aspect, the invention concerns an isolated PRO polypeptide 
comprising an amino acid sequence having at least about 80% amino acid sequence identity, 
alternatively at least about 81% amino acid sequence identity, alternatively at least about 82% 
amino acid sequence identity, alternatively at least about 83% amino acid sequence identity, 
alternatively at least about 84% amino acid sequence identity, alternatively at least about 85% 
amino acid sequence identity, alternatively at least about 86% amino acid sequence identity, 
alternatively at least about 87% amino acid sequence identity, alternatively at least about 88% 
amino acid sequence identity, alternatively at least about 89% amino , acid sequence identity, 
alternatively at least about 90% amino acid sequence identity, alternatively at least about 91% 
amino acid sequence identity, alternatively at least about 92% amino acid sequence identity, 
alternatively at least about 93% amino acid sequence identity, alternatively at least about 94% 
amino acid sequence identity, alternatively at least about 95% amino acid sequence identity, 
alternatively at least about 96% amino acid sequence identity, alternatively at least about 97% 
amino acid sequence identity, alternatively at least about 98% amino acid sequence identity 
and alternatively at least about 99% amino acid sequence identity to an amino acid sequence 
encoded by any of the human protein cDNAs deposited with the ATCC as disclosed herein. 

[0016] In a specific aspect, the invention provides an isolated PRO polypeptide 
without the N-terminal signal sequence and/or the initiating methionine and is encoded by a 
nucleotide sequence that encodes such an amino acid sequence as hereinbefore described. 
Processes for producing the same are also herein described, wherein those processes comprise 
culturing a host cell comprising a vector which comprises the appropriate encoding nucleic 
acid molecule under conditions suitable for expression of the PRO polypeptide and recovering 
the PRO polypeptide from the cell culture. 

[0017] Another aspect the invention provides an isolated PRO polypeptide which is 
either transmembrane domain-deleted or transmembrane domain-inactivated. Processes for 
producing the same are also herein described, wherein those processes comprise culturing a 
host cell comprising a vector which comprises the appropriate encoding nucleic acid molecule 
under conditions suitable for expression of the PRO polypeptide and recovering the PRO 
polypeptide from the cell culture. 
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[0018] In yet another embodiment, the invention concerns agonists and antagonists 
of a native PRO polypeptide as defined herein. In a particular embodiment, the agonist or 
antagonist is an anti-PRO antibody or a small molecule. 

[0019] In a further embodiment, the invention concerns a method of identifying 
agonists or antagonists to a PRO polypeptide which comprise contacting the PRO polypeptide 
with a candidate molecule and monitoring a biological activity mediated by said PRO 
polypeptide. Preferably, the PRO polypeptide is a native PRO polypeptide. 

[0020] In a still further embodiment, the invention concerns a composition of 
matter comprising a PRO polypeptide, or an agonist or antagonist of a PRO polypeptide as 
herein described, or an anti-PRO antibody, in combination with a carrier. Optionally, the 
carrier is a pharmaceutically acceptable carrier. 

[0021] Another embodiment of the present invention is directed to the use of a 
PRO polypeptide, or an agonist or antagonist thereof as hereinbefore described, or an anti-PRO 
antibody, for the preparation of a medicament useful in the treatment of a condition which is 
responsive to the PRO polypeptide, an agonist or antagonist thereof or an anti-PRO antibody. 

[0022] In other embodiments of the present invention, the invention provides 
vectors comprising DNA encoding any of the herein described polypeptides. Host cell 
comprising any such vector are also provided. By way of example, the host cells may be CHO 
cells, E. coli, or yeast. A process for producing any of the herein described polypeptides is 
further provided and comprises culturing host cells under conditions suitable for expression of 
the desired polypeptide and recovering the desired polypeptide from the cell culture. 

[0023] In other embodiments, the invention provides chimeric molecules 
comprising any of the herein described polypeptides fused to a heterologous polypeptide or 
amino acid sequence. Example of such chimeric molecules comprise any of the herein 
described polypeptides fused to an epitope tag sequence or a Fc region of an immunoglobulin. 

[0024] In another embodiment, the invention provides an antibody which binds, 
preferably specifically, to any of the above or below described polypeptides. Optionally, the 
antibody is a monoclonal antibody, humanized antibody, antibody fragment or single-chain 
antibody. 
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[00251 In yet other embodiments, the invention provides oligonucleotide probes 
useful for isolating genomic and cDNA nucleotide sequences or as antisense probes, wherein 
those probes may be derived from any of the above or below described nucleotide sequences. 

[0026] In yet other embodiments, the present invention is directed to methods of 
using the PRO polypeptides of the present invention for a variety of uses based upon the 
functional biological assay data presented in the Examples below. 

Brief Description of the Drawings 

[0027] Figure 1 shows a nucleotide sequence (SEQ ID NO:l) of a native sequence 
PRO180 cDNA, wherein SEQ ID NO:l is a clone designated herein as "DNA26843-1389". 

[0028] Figure 2 shows the amino acid sequence (SEQ ID NO:2) derived from the 
coding sequence of SEQ ID NO:l shown in Figure 1. 

[0029] Figure 3 shows a nucleotide sequence (SEQ ID NO:3) of a native sequence 
PR0218 cDNA, wherein SEQ ID NO:3 is a clone designated herein as "DNA30867-1335". 

[0030] Figure 4 shows the amino acid sequence (SEQ ID NO:4) derived from the 
coding sequence of SEQ ID NO:3 shown in Figure 3. 

[0031] Figure 5 shows a nucleotide sequence (SEQ ID NO:5) of a native sequence 
PR0263 cDNA, wherein SEQ ID NO:5 is a clone designated herein as "DNA34431-1 177". 

[0032] Figure 6 shows the amino acid sequence (SEQ ID NO:6) derived from the 
coding sequence of SEQ ID NO:5 shown in Figure 5. 

[0033] Figure 7 shows a nucleotide sequence (SEQ ID NO:7) of a native sequence 
PR0295 cDNA, wherein SEQ ID NO:7 is a clone designated herein as "DNA3 8268-1 188". 

[0034] Figure 8 shows the amino acid sequence (SEQ ID NO:8) derived from the 
coding sequence of SEQ ID NO:7 shown in Figure 7. 

[0035] Figure 9 shows a nucleotide sequence (SEQ ID NO:9) of a native sequence 
PR0874 cDNA, wherein SEQ ID NO:9 is a clone designated herein as "DNA4062 1-1440". 

[0036] Figure 1 0 shows the amino acid sequence (SEQ ID NO: 1 0) derived from the 
coding sequence of SEQ ID NO:9 shown in Figure 9. 
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[0037] Figure 11 shows a nucleotide sequence (SEQ ID NO: 11) of a native 
sequence PRO300 cDNA, wherein SEQ ID NO: 11 is a clone designated herein as 
"DNA40625-1189". 

[0038] Figure 1 2 shows the amino acid sequence (SEQ ID NO: 1 2) derived from the 
coding sequence of SEQ ID NO: 1 1 shown in Figure 1 1 . 

[0039] Figure 13 shows a nucleotide sequence (SEQ ID NO: 13) of a native 
sequence PRO 1864 cDNA, wherein SEQ ID NO: 13 is a clone designated herein as 
"DNA45409-2511". 

[0040] Figure 1 4 shows the amino acid sequence (SEQ ID NO: 1 4) derived from the 
coding sequence of SEQ ID NO: 13 shown in Figure 13. 

[0041] Figure 15 shows a nucleotide sequence (SEQ ID NO: 15) of a native 
sequence PR01282 cDNA, wherein SEQ ID NO: 15 is a clone designated herein as 
"DNA45495-1550". 

[0042] Figure 1 6 shows the amino acid sequence (SEQ ID NO: 1 6) derived from the 
coding sequence of SEQ ID NO: 15 shown in Figure 15. 

[0043] Figure 17 shows a nucleotide sequence (SEQ ID NO: 17) of a native 
sequence PRO 1063 cDNA, wherein SEQ ID NO: 17 is a clone designated herein as 
"DNA49820-1427". 

[0044] Figure 1 8 shows the amino acid sequence (SEQ ID NO: 1 8) derived from the 
coding sequence of SEQ ID NO: 17 shown in Figure 17. 

[0045] Figure 19 shows a nucleotide sequence (SEQ ED NO: 19) of a native 
sequence PRO 1773 cDNA, wherein SEQ ID NO: 19 is a clone designated herein as 
"DNA56406-1704". 

[0046] Figure 20 shows the amino acid sequence (SEQ ID NO:20) derived from the 
coding sequence of SEQ ID NO: 19 shown in Figure 19. 

[0047] Figure 21 shows a nucleotide sequence (SEQ ID NO:21) of a native 
sequence PRO1013 cDNA, wherein SEQ ID NO:21 is a clone designated herein as 
"DNA56410-1414". 

[0048] Figure 22 shows the amino acid sequence (SEQ ID NO:22) derived from the 
coding sequence of SEQ ID NO:21 shown in Figure 21. 
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[0049] Figure 23 shows a nucleotide sequence (SEQ ID NO:23) of a native 
sequence PR0937 cDNA, wherein SEQ ID NO:23 is a clone designated herein as 
"DNA56436-1448". 

[0050] Figure 24 shows the amino acid sequence (SEQ ID NO:24) derived from the 
coding sequence of SEQ ID NO:23 shown in Figure 23. 

[0051] Figure 25 shows a nucleotide sequence (SEQ ID NO:25) of a native 
sequence PR0842 cDNA, wherein SEQ ID NO:25 is a clone designated herein as 
"DNA56855-1447". 

[0052] Figure 26 shows the amino acid sequence (SEQ ID NO:26) derived from the 
coding sequence of SEQ ID NO:25 shown in Figure 25. 

[0053] Figure 27 shows a nucleotide sequence (SEQ ID NO:27) of a native 
sequence PRO1180 cDNA, wherein SEQ ID NO:27 is a clone designated herein as 
"DNA56860-1510". 

[0054] Figure 28 shows the amino acid sequence (SEQ ID NO:28) derived from the 
coding sequence of SEQ ID NO:27 shown in Figure 27. 

[0055] Figure 29 shows a nucleotide sequence (SEQ ID NO:29) of a native 
sequence PR0831 cDNA, wherein SEQ ID NO:29 is a clone designated herein as 
"DNA56862-1343". 

[0056] Figure 30 shows the amino acid sequence (SEQ ID NO: 30) derived from the 
coding sequence of SEQ ID NO:29 shown in Figure 29. 

[0057] Figure 31 shows a nucleotide sequence (SEQ ID NO:31) of a native 
sequence PR01115 cDNA, wherein SEQ ID NO:31 is a clone designated herein as 
"DNA56868-1478". 

[0058] Figure 32 shows the amino acid sequence (SEQ ID NO:32) derived from the 
coding sequence of SEQ ID NO:3 1 shown in Figure 3 1 . 

[0059] Figure 33 shows a nucleotide sequence (SEQ ID NO:33) of a native 
sequence PRO 1277 cDNA, wherein SEQ ID NO:33 is a clone designated herein as 
"DNA56869-1545". 

[0060] Figure 34 shows the amino acid sequence (SEQ ID NO:34) derived from the 
coding sequence of SEQ ID NO:33 shown in Figure 33. 
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[0061] Figure 35 shows a nucleotide sequence (SEQ ID NO:35) of a native 
sequence PRO1074 cDNA, wherein SEQ ID NO:35 is a clone designated herein as 
"DNA57704-1452". 

[0062] Figure 36 shows the amino acid sequence (SEQ ID NO:36) derived from the 
coding sequence of SEQ ID NO:35 shown in Figure 35. 

[0063] Figure 37 shows a nucleotide sequence (SEQ ID NO:37) of a native 
sequence PR01344 cDNA, wherein SEQ ID NO:37 is a clone designated herein as 
"DNA58723-1588". 

[0064] Figure 38 shows the amino acid sequence (SEQ ID NO:38) derived from the 
coding sequence of SEQ ID NO:37 shown in Figure 37. 

[0065] Figure 39 shows a nucleotide sequence (SEQ ID NO: 3 9) of a native 
sequence PR01136 cDNA, wherein SEQ ID NO:39 is a clone designated herein as 
"DNA57827-1493". 

[0066] Figure 40 shows the amino acid sequence (SEQ ID NO:40) derived from the 
coding sequence of SEQ ID NO:39 shown in Figure 39. 

[0067] Figure 41 shows a nucleotide sequence (SEQ ID NO:41) of a native 
sequence PRO 1109 cDNA, wherein SEQ ID NO:41 is a clone designated herein as 
"DNA58737-1473". 

[0068] Figure 42 shows the amino acid sequence (SEQ ID NO:42) derived from the 
coding sequence of SEQ ID NO:41 shown in Figure 41 . 

[0069] Figure 43 shows a nucleotide sequence (SEQ ID NO:43) of a native 
sequence PRO 1003 cDNA, wherein SEQ ID NO:43 is a clone designated herein as 
"DNA58846-1409". 

[0070] Figure 44 shows the amino acid sequence (SEQ ID NO:44) derived from the 
coding sequence of SEQ ID NO:43 shown in Figure 43. 

[0071] Figure 45 shows a nucleotide sequence (SEQ ID NO:45) of a native 
sequence PROH38 cDNA, wherein SEQ ID NO:45 is a clone designated herein as 
"DNA58850-1495". 

[0072] Figure 46 shows the amino acid sequence (SEQ ID NO:46) derived from the 
coding sequence of SEQ ID NO:45 shown in Figure 45. 
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[0073] Figure 47 shows a nucleotide sequence (SEQ ID NO:47) of a native 
sequence PR0994 cDNA, wherein SEQ ID NO:47 is a clone designated herein as 
"DNA58855-1422". 

[0074] Figure 48 shows the amino acid sequence (SEQ ID NO:48) derived from the 
coding sequence of SEQ ID NO:47 shown in Figure 47. 

[0075] Figure 49 shows a nucleotide sequence (SEQ ID NO:49) of a native 
sequence PRO 1069 cDNA 5 wherein SEQ ID NO:49 is a clone designated herein as 
"DNA5921 1-1450". 

[0076] Figure 50 shows the amino acid sequence (SEQ ID NO:50) derived from the 
coding sequence of SEQ ID NO:49 shown in Figure 49. 

[0077] Figure 51 shows a nucleotide sequence (SEQ ID NO:51) of a native 
sequence PR01411 cDNA, wherein SEQ ID NO:51 is a clone designated herein as 
"DNA59212-1627". 

[0078] Figure 52 shows the amino acid sequence (SEQ ID NO:52) derived from the 
coding sequence of SEQ ID NO: 5 1 shown in Figure 5 1 . 

[0079] Figure 53 shows a nucleotide sequence (SEQ ID NO:53) of a native 
sequence PRO 1129 cDNA, wherein SEQ ID NO:53 is a clone designated herein as 
"DNA59213-1487". 

[0080] Figure 54 shows the amino acid sequence (SEQ ID NO:54) derived from the 
coding sequence of SEQ ID NO:53 shown in Figure 53. 

[0081] Figure 55 shows a nucleotide sequence (SEQ ID NO:55) of a native 
sequence PRO1027 cDNA, wherein SEQ ID NO:55 is a clone designated herein as 
"DNA59605-1418". 

[0082] Figure 56 shows the amino acid sequence (SEQ ID NO: 56) derived from the 
coding sequence of SEQ ID NO:55 shown in Figure 55. 

[0083] Figure 57 shows a nucleotide sequence (SEQ ID NO:57) of a native 
sequence PRO1106 cDNA, wherein SEQ ID NO:57 is a clone designated herein as 
"DNA59609-1470". 

[0084] Figure 58 shows the amino acid sequence (SEQ ID NO:58) derived from the 
coding sequence of SEQ ID NO:57 shown in Figure 57. 
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[0085] Figure 59 shows a nucleotide sequence (SEQ ID NO:59) of a native 
sequence PRO 1291 cDNA, wherein SEQ ID NO: 59 is a clone designated herein as 
"DNA59610-1556". 

[0086] Figure 60 shows the amino acid sequence (SEQ ID NO:60) derived from the 
coding sequence of SEQ ID NO:59 shown in Figure 59. 

[0087] Figure 61 shows a nucleotide sequence (SEQ ID NO:61) of a native 
sequence PR03573 cDNA, wherein SEQ ID NO:61 is a clone designated herein as 
"DNA59837-2545". 

[0088] Figure 62 shows the amino acid sequence (SEQ ID NO: 62) derived from the 
coding sequence of SEQ ID NO:61 shown in Figure 61 . 

[0089] Figure 63 shows a nucleotide sequence (SEQ ID NO:63) of a native 
sequence PR03566 cDNA, wherein SEQ ID NO:63 is a clone designated herein as 
"DNA59844-2542". 

[0090] Figure 64 shows the amino acid sequence (SEQ ID NO:64) derived from the 
coding sequence of SEQ ID NO:63 shown in Figure 63. 

[0091] Figure 65 shows a nucleotide sequence (SEQ ID NO:65) of a native 
sequence PRO1098 cDNA, wherein SEQ ID NO:65 is a clone designated herein as 
"DNA59854-1459". 

[0092] Figure 66 shows the amino acid sequence (SEQ ID NO:66) derived from the 
coding sequence of SEQ ID NO:65 shown in Figure 65. 

[0093] Figure 67 shows a nucleotide sequence (SEQ ID NO:67) of a native 
sequence PROH58 cDNA, wherein SEQ ID NO:67 is a clone designated herein as 
"DNA60625-1507". 

[0094] Figure 68 shows the amino acid sequence (SEQ ID NO:68) derived from the 
coding sequence of SEQ ID NO:67 shown in Figure 67. 

[0095] Figure 69 shows a nucleotide sequence (SEQ ID NO:69) of a native 
sequence PR01124 cDNA, wherein SEQ ID NO:69 is a clone designated herein as 
"DNA60629-1481". 

[0096] Figure 70 shows the amino acid sequence (SEQ ID NO: 70) derived from the 
coding sequence of SEQ ID NO:69 shown in Figure 69. 
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[0097] Figure 71 shows a nucleotide sequence (SEQ ID NO:71) of a native 
sequence PR01287 cDNA, wherein SEQ ID NO:71 is a clone designated herein as 
"DNA61755-1554". 

[0098] Figure 72 shows the amino acid sequence (SEQ ID NO:72) derived from the 
coding sequence of SEQ ID NO:71 shown in Figure 71. 

[0099] Figure 73 shows a nucleotide sequence (SEQ ID NO:73) of a native 
sequence PR01335 cDNA, wherein SEQ ID NO:73 is a clone designated herein as 
"DNA62812-1594". 

[0100] Figure 74 shows the amino acid sequence (SEQ ID NO:74) derived from the 
coding sequence of SEQ ID NO:73 shown in Figure 73; 

[0101] Figure 75 shows a nucleotide sequence (SEQ ID NO:75) of a native 
sequence PR01315 cDNA, wherein SEQ ID NO:75 is a clone designated herein as 
"DNA62815-1576". 

[0102] Figure 76 shows the amino acid sequence (SEQ ID NO:76) derived from the 
coding sequence of SEQ ID NO:75 shown in Figure 75. 

[0103] Figure 77 shows a nucleotide sequence (SEQ ID NO:77) of a native 
sequence PRO 1357 cDNA, wherein SEQ ID NO: 77 is a clone designated herein as 
"DNA64881-1602". 

[0104] Figure 78 shows the amino acid sequence (SEQ ID NO:78) derived from the 
coding sequence of SEQ ID NO:77 shown in Figure 77. 

[0105] Figure 79 shows a nucleotide sequence (SEQ ID NO:79) of a native 
sequence PR01356 cDNA, wherein SEQ ID NO:79 is a clone designated herein as 
"DNA64886-1601". 

[0106] Figure 80 shows the amino acid sequence (SEQ ID NO:80) derived from the 
coding sequence of SEQ ID NO:79 shown in Figure 79. 

[0107] Figure 81 shows a nucleotide sequence (SEQ ID NO:81) of a native 
sequence PR01557 cDNA, wherein SEQ ID NO:81 is a clone designated herein as 
"DNA64902-1667". 

[0108] Figure 82 shows the amino acid sequence (SEQ ID NO:82) derived from the 
coding sequence of SEQ ID NO: 81 shown in Figure 81 . 
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[0109] Figure 83 shows a nucleotide sequence (SEQ ID NO:83) of a native 
sequence PR01347 cDNA, wherein SEQ ID NO:83 is a clone designated herein as 
"DNA64950-1590". 

[0110] Figure 84 shows the amino acid sequence (SEQ ID NO:84) derived from the 
coding sequence of SEQ ID NO: 83 shown in Figure 83. 

[0111] Figure 85 shows a nucleotide sequence (SEQ ID NO:85) of a native 
sequence PRO1302 cDNA, wherein SEQ ID NO:85 is a clone designated herein as 
"DNA65403-1565". 

[0112] Figure 86 shows the amino acid sequence (SEQ ID NO: 86) derived from the 
coding sequence of SEQ ID NO:85 shown in Figure 85. 

[0113] Figure 87 shows a nucleotide sequence (SEQ ID NO:87) of a native 
sequence PRO1270 cDNA, wherein SEQ ID NO:87 is a clone designated herein as 
"DNA66308-1537". 

[0114] Figure 88 shows the amino acid sequence (SEQ ID NO:88) derived from the 
coding sequence of SEQ ID NO:87 shown in Figure 87. 

[0115] Figure 89 shows a nucleotide sequence (SEQ ID NO:89) of a native 
sequence PR01268 cDNA, wherein SEQ ID NO:89 is a clone designated herein as 
"DNA66519-1535". 

[0116] Figure 90 shows the amino acid sequence (SEQ ID NO:90) derived from the 
coding sequence of SEQ ID NO:89 shown in Figure 89. 

[0117] Figure 91 shows a nucleotide sequence (SEQ ID NO:91) of a native 
sequence PR01327 cDNA, wherein SEQ ID NO:91 is a clone designated herein as 
"DNA66521-1583". 

[01 18] Figure 92 shows the amino acid sequence (SEQ ID NO:92) derived from the 
coding sequence of SEQ ID NO:91 shown in Figure 91 . 

[0119] Figure 93 shows a nucleotide sequence (SEQ ID NO:93) of a native 
sequence PRO 1328 cDNA, wherein SEQ ID NO:93 is a clone designated herein as 
"DNA66658-1584". 

[0120] Figure 94 shows the amino acid sequence (SEQ ID NO:94) derived from the 
coding sequence of SEQ ID NO:93 shown in Figure 93. 
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[0121] Figure 95 shows a nucleotide sequence (SEQ ID NO:95) of a native 
sequence PR01329 cDNA, wherein SEQ ID NO:95 is a clone designated herein as 
"DNA66660-1585". 

[0122] Figure 96 shows the amino acid sequence (SEQ ID NO:96) derived from the 
coding sequence of SEQ ID NO:95 shown in Figure 95. 

[0123] Figure 97 shows a nucleotide sequence (SEQ ID NO:97) of a native 
sequence PRO1340 cDNA, wherein SEQ ID NO:97 is a clone designated herein as 
"DNA66663-1598". 

[0124] Figure 98 shows the amino acid sequence (SEQ ID NO:98) derived from the 
coding sequence of SEQ ID NO:97 shown in Figure 97. 

[0125] Figure 99 shows a nucleotide sequence (SEQ ID NO:99) of a native 
sequence PR01342 cDNA, wherein SEQ ID NO:99 is a clone designated herein as 
"DNA66674-1599". 

[0126] Figure 100 shows the amino acid sequence (SEQ ID NO: 100) derived from 
the coding sequence of SEQ ID NO: 99 shown in Figure 99. 

[0127] Figure 101 shows a nucleotide sequence (SEQ ID NO:101) of a native 
sequence PR03579 cDNA, wherein SEQ ID NO: 101 is a clone designated herein as 
u DNA68862-2546". 

[0128] Figure 102 shows the amino acid sequence (SEQ ID NO: 102) derived from 
the coding sequence of SEQ ID NO: 101 shown in Figure 101. 

[0129] Figure 103 shows a nucleotide sequence (SEQ ID NO: 103) of a native 
sequence PRO 1472 cDNA, wherein SEQ ID NO: 103 is a clone designated herein as 
"DNA68866-1644". 

[0130] Figure 104 shows the amino acid sequence (SEQ ID NO: 104) derived from 
the coding sequence of SEQ ID NO: 103 shown in Figure 103. 

[0131] Figure 105 shows a nucleotide sequence (SEQ ID NO: 105) of a native 
sequence PR01461 cDNA, wherein SEQ ID NO: 105 is a clone designated herein as 
"DNA68871-1638". 

[0132] Figure 106 shows the amino acid sequence (SEQ ID NO: 106) derived from 
the coding sequence of SEQ ID NO: 1 05 shown in Figure 105. 
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[0133] Figure 107 shows a nucleotide sequence (SEQ ID NO: 107) of a native 
sequence PR01568 cDNA, wherein SEQ ID NO: 107 is a clone designated herein as 
"DNA68880-1676". 

[0134] Figure 108 shows the amino acid sequence (SEQ ID NO: 108) derived from 
the coding sequence of SEQ ID NO: 107 shown in Figure 107. 

[0135] Figure 109 shows a nucleotide sequence (SEQ ID NO: 109) of a native 
sequence PR01753 cDNA, wherein SEQ ID NO: 109 is a clone designated herein as 
"DNA68883-1691". 

[0136] Figure 1 1 0 shows the amino acid sequence (SEQ ID NO: 1 1 0) derived from 
the coding sequence of SEQ ID NO: 109 shown in Figure 109. 

[0137] Figure 111 shows a nucleotide sequence (SEQ ID NO: 111) of a native 
sequence PRO 15 70 cDNA, wherein SEQ ID NO:lll is a clone designated herein as 
"DNA68885-1678". 

[0138] Figure 112 shows the amino acid sequence (SEQ ID NO:l 12) derived from 
the coding sequence of SEQ ID NO: 1 1 1 shown in Figure 111. 

[0139] Figure 113 shows a nucleotide sequence (SEQ ID NO: 11 3) of a native 
sequence PRO 1446 cDNA, wherein SEQ ID NO: 113 is a clone designated herein as 
"DNA71277-1636". 

[0140] Figure 1 14 shows the amino acid sequence (SEQ ID NO:l 14) derived from 
the coding sequence of SEQ ID NO:l 13 shown in Figure 113. 

[0141] Figure 115 shows a nucleotide sequence (SEQ ID NO: 11 5) of a native 
sequence PR01565 cDNA, wherein SEQ ID NO: 115 is a clone designated herein as 
"DNA73727-1673". 

[0142] Figure 1 16 shows the amino acid sequence (SEQ ID NO:l 16) derived from 
the coding sequence of SEQ ID NO: 115 shown in Figure 115. 

[0143] Figure 117 shows a nucleotide sequence (SEQ ID NO: 11 7) of a native 
sequence PRO 1572 cDNA, wherein SEQ ID NO: 117 is a clone designated herein as 
"DNA73734-1680". 

[0144] Figure 1 1 8 shows the amino acid sequence (SEQ ID NO: 1 1 8) derived from 
the coding sequence of SEQ ID NO:l 17 shown in Figure 117. 
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[0145] Figure 119 shows a nucleotide sequence (SEQ ID NO: 119) of a native 
sequence PR01573 cDNA, wherein SEQ ID NO:119 is a clone designated herein as 
"DNA73735-1681". 

[0146] Figure 120 shows the amino acid sequence (SEQ ID NO: 120) derived from 
the coding sequence of SEQ ID NO:l 19 shown in Figure 119. 

[0147] Figure 121 shows a nucleotide sequence (SEQ ID NO: 121) of a native 
sequence PRO1550 cDNA, wherein SEQ ID NO: 121 is a clone designated herein as 
"DNA76393-1664". 

[0148] Figure 122 shows the amino acid sequence (SEQ ID NO:122) derived from 
the coding sequence of SEQ ID NO: 121 shown in Figure 121. 

[0149] Figure 123 shows a nucleotide sequence (SEQ ID NO:123) of a native 
sequence PRO 1693 cDNA, wherein SEQ ID NO: 123 is a clone designated herein as 
"DNA77301-1708". 

[0150] Figure 124 shows the amino acid sequence (SEQ ID NO: 124) derived from 
the coding sequence of SEQ ID NO: 123 shown in Figure 123. 

[0151] Figure 125 shows a nucleotide sequence (SEQ ID NO: 125) of a native 
sequence PR01566 cDNA, wherein SEQ ID NO:125 is a clone designated herein as 
"DNA77568-1626". 

[0152] Figure 126 shows the amino acid sequence (SEQ ID NO: 126) derived from 
the coding sequence of SEQ ID NO: 125 shown in Figure 125. 

[0153] Figure 127 shows a nucleotide sequence (SEQ ID NO: 127) of a native 
sequence PRO 1774 cDNA, wherein SEQ ID NO: 127 is a clone designated herein as 
"DNA77626-1705". 

[0154] Figure 128 shows the amino acid sequence (SEQ ID NO: 128) derived from 
the coding sequence of SEQ ID NO: 127 shown in Figure 127. 

[0155] Figure 129 shows a nucleotide sequence (SEQ ID NO: 129) of a native 
sequence PRO 192 8 cDNA, wherein SEQ ID NO: 129 is a clone designated herein as 
"DNA8 1 754-2532". 

[0156] Figure 130 shows the amino acid sequence (SEQ ID NO: 1 30) derived from 
the coding sequence of SEQ ID NO: 129 shown in Figure 129. 
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[0157] Figure 131 shows a nucleotide sequence (SEQ ID NO: 131) of a native 
sequence PRO 1865 cDNA, wherein SEQ ID NO:131 is a clone designated herein as 
"DNA8 1757-25 12". 

[0158] Figure 1 32 shows the amino acid sequence (SEQ ID NO: 1 32) derived from 
the coding sequence of SEQ ID NO: 1 3 1 shown in Figure 131. 

[0159] Figure 133 shows a nucleotide sequence (SEQ ID NO: 133) of a native 
sequence PR01925 cDNA, wherein SEQ ID NO:133 is a clone designated herein as 
"DNA82302-2529". 

[0160] Figure 1 34 shows the amino acid sequence (SEQ ID NO: 1 34) derived from 
the coding sequence of SEQ ID NO: 133 shown in Figure 133. 

[0161] Figure 135 shows a nucleotide sequence (SEQ ID NO:135) of a native 
sequence PR01926 cDNA, wherein SEQ ID NO:135 is a clone designated herein as 
"DNA82340-2530". 

[0162] Figure 136 shows the amino acid sequence (SEQ ID NO: 136) derived from 
the coding sequence of SEQ ID NO: 135 shown in Figure 135. 

[0163] Figure 137 shows a nucleotide sequence (SEQ ID NO: 137) of a native 
sequence PRO1801 cDNA, wherein SEQ ID NO: 137 is a clone designated herein as 
"DNA83500-2506". 

[0164] Figure 138 shows the amino acid sequence (SEQ ID NO: 138) derived from 
the coding sequence of SEQ ID NO: 137 shown in Figure 137. 

[0165] Figure 139 shows a nucleotide sequence (SEQ ID NO: 139) of a native 
sequence PRO4405 cDNA, wherein SEQ ID NO: 139 is a clone designated herein as 
"DNA84920-2614". 

[0166] Figure 140 shows the amino acid sequence (SEQ ID NO: 140) derived from 
the coding sequence of SEQ ID NO: 139 shown in Figure 139. 

[0167] Figure 141 shows a nucleotide sequence (SEQ ID NO: 141) of a native 
sequence PR03435 cDNA, wherein SEQ ID NO: 141 is a clone designated herein as 
"DNA85066-2534". 

[0168] Figure 142 shows the amino acid sequence (SEQ ID NO:142) derived from 
the coding sequence of SEQ ID NO: 141 shown in Figure 141. 
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[0169] Figure 143 shows a nucleotide sequence (SEQ ID NO:143) of a native 
sequence PR03543 cDNA, wherein SEQ ID NO: 143 is a clone designated herein as 
"DNA86571-2551". 

[0170] Figure 144 shows the amino acid sequence (SEQ ID NO: 144) derived from 
the coding sequence of SEQ ID NO: 143 shown in Figure 143. 

[0171] Figure 145 shows a nucleotide sequence (SEQ ID NO:145) of a native 
sequence PR03443 cDNA, wherein SEQ ID NO: 145 is a clone designated herein as 
"DNA87991-2540". 

[0172] Figure 146 shows the amino acid sequence (SEQ ID NO: 146) derived from 
the coding sequence of SEQ ID NO:145 shown in Figure 145. 

[0173] Figure 147 shows a nucleotide sequence (SEQ ID NO: 147) of a native 
sequence PR03442 cDNA, wherein SEQ ID NO: 147 is a clone designated herein as 
"DNA92238-2539". 

[0174] Figure 148 shows the amino acid sequence (SEQ ID NO: 148) derived from 
the coding sequence of SEQ ID NO: 147 shown in Figure 147. 

[0175] Figure 149 shows a nucleotide sequence (SEQ ID NO: 149) of a native 
sequence PRO5990 cDNA, wherein SEQ ID NO: 149 is a clone designated herein as 
"DNA96042-2682". 

[0176] Figure 1 50 shows the amino acid sequence (SEQ ID NO: 1 50) derived from 
the coding sequence of SEQ ID NO: 149 shown in Figure 149. 

[0177] Figure 151 shows a nucleotide sequence (SEQ ID NO: 151) of a native 
sequence PR04342 cDNA, wherein SEQ ID NO:151 is a clone designated herein as 
"DNA96787-2534". 

[0178] Figure 1 52 shows the amino acid sequence (SEQ ID NO: 1 52) derived from 
the coding sequence of SEQ ID NO: 1 5 1 shown in Figure 151. 

[0179] Figure 153 shows a nucleotide sequence (SEQ ID NO: 153) of a native 
sequence PRO10096 cDNA, wherein SEQ ID NO: 153 is a clone designated herein as 
"DNA125185-2806". 

[0180] Figure 1 54 shows the amino acid sequence (SEQ ID NO: 1 54) derived from 
the coding sequence of SEQ ID NO: 153 shown in Figure 153. 
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[0181] Figure 155 shows a nucleotide sequence (SEQ ID NO: 155) of a native 
sequence PRO10272 cDNA, wherein SEQ ID NO:155 is a clone designated herein as 
"DNA147531-2821". 

[0182] Figure 1 56 shows the amino acid sequence (SEQ ID NO: 1 56) derived from 
the coding sequence of SEQ ID NO: 155 shown in Figure 155. 

[0183] Figure 157 shows a nucleotide sequence (SEQ ID NO: 157) of a native 
sequence PRO5801 cDNA, wherein SEQ ID NO: 157 is a clone designated herein as 
"DNA1 15291-2681". 

[0184] Figure 1 58 shows the amino acid sequence (SEQ ID NO: 158) derived from 
the coding sequence of SEQ ID NO: 157 shown in Figure 157. 

[0185] Figure 159 shows a nucleotide sequence (SEQ ID NO: 159) of a native 
sequence PRO20110 cDNA, wherein SEQ ID NO: 159 is a clone designated herein as 
"DNA166819". 

[0186] Figure 160 shows the amino acid sequence (SEQ ID NO: 160) derived from 
the coding sequence of SEQ ID NO: 159 shown in Figure 159. 

[0187] Figure 161 shows a nucleotide sequence (SEQ ID NO: 161) of a native 
sequence PRO20040 cDNA, wherein SEQ ID NO: 161 is a clone designated herein as 
"DNA1 64625-2890". 

[0188] Figure 162 shows the amino acid sequence (SEQ ID NO: 162) derived from 
the coding sequence of SEQ ID NO: 161 shown in Figure 161. 

[0189] Figure 163 shows a nucleotide sequence (SEQ ID NO: 163) of a native 
sequence PRO20233 cDNA, wherein SEQ ID NO: 163 is a clone designated herein as 
"DNA1 65608". 

[0190] Figure 164 shows the amino acid sequence (SEQ ID NO: 164) derived from 
the coding sequence of SEQ ID NO: 163 shown in Figure 163. 

[0191] Figure 165 shows a nucleotide sequence (SEQ ID NO: 165) of a native 
sequence PRO19670 cDNA, wherein SEQ ID NO: 165 is a clone designated herein as 
"DNA1 3 1639-2874". 

[0192] Figure 166 shows the amino acid sequence (SEQ ID NO: 166) derived from 
the coding sequence of SEQ ID NO: 165 shown in Figure 165. 
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[0193] Figure 167 shows a nucleotide sequence (SEQ ID NO:167) of a native 
sequence PRO1890 cDNA, wherein SEQ ID NO: 167 is a clone designated herein as 
"DNA79230-2525". 

[0194] Figure 168 shows the amino acid sequence (SEQ ID NO: 168) derived from 
the coding sequence of SEQ ID NO: 167 shown in Figure 167. 

Detailed Description of the Preferred Embodiments 

I. Definitions 

[0195] The terms "PRO polypeptide" and "PRO" as used herein and when 
immediately followed by a numerical designation refer to various polypeptides, wherein the 
complete designation (i.e., PRO/number) refers to specific polypeptide sequences as described 
herein. The terms "PRO/number polypeptide" and "PRO/number" wherein the term "number" 
is provided as an actual numerical designation as used herein encompass native sequence 
polypeptides and polypeptide variants (which are further defined herein). The PRO 
polypeptides described herein may be isolated from a variety of sources, such as from human 
tissue types or from another source, or prepared by recombinant or synthetic methods. The 
term "PRO polypeptide" refers to each individual PRO/number polypeptide disclosed herein. 
All disclosures in this specification which refer to the "PRO polypeptide" refer to each of the 
polypeptides individually as well as jointly. For example, descriptions of the preparation of, 
purification of, derivation of, formation of antibodies to or against, administration of, 
compositions containing, treatment of a disease with, etc., pertain to each polypeptide of the 
invention individually. The term "PRO polypeptide" also includes variants of the 
PRO/number polypeptides disclosed herein. 

[0196] A "native sequence PRO polypeptide" comprises a polypeptide having the 
same amino acid sequence as the corresponding PRO polypeptide derived from nature. Such 
native sequence PRO polypeptides can be isolated from nature or can be produced by 
recombinant or synthetic means. The term "native sequence PRO polypeptide" specifically 
encompasses naturally-occurring truncated or secreted forms of the specific PRO polypeptide 
(e.g., an extracellular domain sequence), naturally-occurring variant forms (e.g., alternatively 
spliced forms) and naturally-occurring allelic variants of the polypeptide. In various 
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embodiments of the invention, the native sequence PRO polypeptides disclosed herein are 
mature or full-length native sequence polypeptides comprising the full-length amino acids 
sequences shown in the accompanying figures. Start and stop codons are shown in bold font 
and underlined in the figures. However, while the PRO polypeptide disclosed in the 
accompanying figures are shown to begin with methionine residues designated herein as amino 
acid position 1 in the figures, it is conceivable and possible that other methionine residues 
located either upstream or downstream from the amino acid position 1 in the figures may be 
employed as the starting amino acid residue for the PRO polypeptides. 

[0197] The PRO polypeptide "extracellular domain" or "ECD" refers to a form of 
the PRO polypeptide which is essentially free of the transmembrane and cytoplasmic domains. 
Ordinarily, a PRO polypeptide ECD will have less than 1% of such transmembrane and/or 
cytoplasmic domains and preferably, will have less than 0.5% of such domains. It will be 
understood that any transmembrane domains identified for the PRO polypeptides of the present 
invention are identified pursuant to criteria routinely employed in the art for identifying that 
type of hydrophobic domain. The exact boundaries of a transmembrane domain may vary but 
most likely by no more than about 5 amino acids at either end of the domain as initially 
identified herein. Optionally, therefore, an extracellular domain of a PRO polypeptide may 
contain from about 5 or fewer amino acids on either side of the transmembrane 
domain/extracellular domain boundary as identified in the Examples or specification and such 
polypeptides, with or without the associated signal peptide, and nucleic acid encoding them, 
are comtemplated by the present invention. 

[0198] The approximate location of the "signal peptides" of the various PRO 
polypeptides disclosed herein are shown in the present specification and/or the accompanying 
figures. It is noted, however, that the C-terminal boundary of a signal peptide may vary, but 
most likely by no more than about 5 amino acids on either side of the signal peptide C-terminal 
boundary as initially identified herein, wherein the C-terminal boundary of the signal peptide 
may be identified pursuant to criteria routinely employed in the art for identifying that type of 
amino acid sequence element (e.g., Nielsen et al., Prot. Eng. 10:1-6 (1997) and von Heinje et 
al., Nucl. Acids. Res. 14:4683-4690 (1986)). Moreover, it is also recognized that, in some 
cases, cleavage of a signal sequence from a secreted polypeptide is not entirely uniform, 
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resulting in more than one secreted species. These mature polypeptides, where the signal 
peptide is cleaved within no more than about 5 amino acids on either side of the C-terminal 
boundary of the signal peptide as identified herein, and the polynucleotides encoding them, are 
contemplated by the present invention. 

[0199] "PRO polypeptide variant" means an active PRO polypeptide as defined 
above or below having at least about 80% amino acid sequence identity with a full-length 
native sequence PRO polypeptide sequence as disclosed herein, a PRO polypeptide sequence 
lacking the signal peptide as disclosed herein, an extracellular domain of a PRO polypeptide, 
with or without the signal peptide, as disclosed herein or any other fragment of a full-length 
PRO polypeptide sequence as disclosed herein. Such PRO polypeptide variants include, for 
instance, PRO polypeptides wherein one or more amino acid residues are added, or deleted, at 
the N- or C-terminus of the full-length native amino acid sequence. Ordinarily, a PRO 
polypeptide variant will have at least about 80% amino acid sequence identity, alternatively at 
least about 81% amino acid sequence identity, alternatively at least about 82% amino acid 
sequence identity, alternatively at least about 83% amino acid sequence identity, alternatively 
at least about 84% amino acid sequence identity, alternatively at least about 85% amino acid 
sequence identity, alternatively at least about 86% amino acid sequence identity, alternatively 
at least about 87% amino acid sequence identity, alternatively at least about 88% amino acid 
sequence identity, alternatively at least about 89% amino acid sequence identity, alternatively 
at least about 90% amino acid sequence identity, alternatively at least about 91% amino acid 
sequence identity, alternatively at least about 92% amino acid sequence identity, alternatively 
at least about 93% amino acid sequence identity, alternatively at least about 94% amino acid 
sequence identity, alternatively at least about 95% amino acid sequence identity, alternatively 
at least about 96% amino acid sequence identity, alternatively at least about 97% amino acid 
sequence identity, alternatively at least about 98% amino acid sequence identity and 
alternatively at least about 99% amino acid sequence identity to a full-length native sequence 
PRO polypeptide sequence as disclosed herein, a PRO polypeptide sequence lacking the signal 
peptide as disclosed herein, an extracellular domain of a PRO polypeptide, with or without the 
signal peptide, as disclosed herein or any other specifically defined fragment of a full-length 
PRO polypeptide sequence as disclosed herein. Ordinarily, PRO variant polypeptides are at 
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least about 10 amino acids in length, alternatively at least about 20 amino acids in length, 
alternatively at least about 30 amino acids in length, alternatively at least about 40 amino acids 
in length, alternatively at least about 50 amino acids in length, alternatively at least about 60 
amino acids in length, alternatively at least about 70 amino acids in length, alternatively at least 
about 80 amino acids in length, alternatively at least about 90 amino acids in length, 
alternatively at least about 100 amino acids in length, alternatively at least about 150 amino 
acids in length, alternatively at least about 200 amino acids in length, alternatively at least 
about 300 amino acids in length, or more. 

[0200] "Percent (%) amino acid sequence identity" with respect to the PRO 
polypeptide sequences identified herein is defined as the percentage of amino acid residues in 
a candidate sequence that are identical with the amino acid residues in the specific PRO 
polypeptide sequence, after aligning the sequences and introducing gaps, if necessary, to 
achieve the maximum percent sequence identity, and not considering any conservative 
substitutions as part of the sequence identity. Alignment for purposes of determining percent 
amino acid sequence identity can be achieved in various ways that are within the skill in the art, 
for instance, using publicly available computer software such as BLAST, BLAST-2, ALIGN 
or Megalign (DNASTAR) software. Those skilled in the art can determine appropriate 
parameters for measuring alignment, including any algorithms needed to achieve maximal 
alignment over the full length of the sequences being compared. For purposes herein, however, 
% amino acid sequence identity values are generated using the sequence comparison computer 
program ALIGN-2, wherein the complete source code for the ALIGN-2 program is provided in 
Table 1 below. The ALIGN-2 sequence comparison computer program was authored by 
Genentech, Inc. and the source code shown in Table 1 below has been filed with user 
documentation in the U.S. Copyright Office, Washington D.C., 20559, where it is registered 
under U.S. Copyright Registration No. TXU510087. The ALIGN-2 program is publicly 
available through Genentech, Inc., South San Francisco, California or may be compiled from 
the source code provided in Table 1 below. The ALIGN-2 program should be compiled for use 
on a UNIX operating system, preferably digital UNIX V4.0D. All sequence comparison 
parameters are set by the ALIGN-2 program and do not vary. 
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[0201] In situations where ALIGN-2 is employed for amino acid sequence 
comparisons, the % amino acid sequence identity of a given amino acid sequence A to, with, 
or against a given amino acid sequence B (which can alternatively be phrased as a given amino 
acid sequence A that has or comprises a certain % amino acid sequence identity to, with, or 
against a given amino acid sequence B) is calculated as follows: 

100 times the fraction X/Y 

where X is the number of amino acid residues scored as identical matches by the sequence 
alignment program ALIGN-2 in that program's alignment of A and B, and where Y is the total 
number of amino acid residues in B. It will be appreciated that where the length of amino acid 
sequence A is not equal to the length of amino acid sequence B, the % amino acid sequence 
identity of A to B will not equal the % amino acid sequence identity of B to A. As examples 
of % amino acid sequence identity calculations using this method, Tables 2 and 3 demonstrate 
how to calculate the % amino acid sequence identity of the amino acid sequence designated 
"Comparison Protein" to the amino acid sequence designated "PRO", wherein "PRO" 
represents the amino acid sequence of a hypothetical PRO polypeptide of interest, 
"Comparison Protein" represents the amino acid sequence of a polypeptide against which the 
"PRO" polypeptide of interest is being compared, and "X, "Y" and "Z" each represent different 
hypothetical amino acid residues. 

[0202] Unless specifically stated otherwise, all % amino acid sequence identity 
values used herein are obtained as described in the immediately preceding paragraph using the 
ALIGN-2 computer program. However, % amino acid sequence identity values may also be 
obtained as described below by using the WU-BLAST-2 computer program (Altschul et al., 
Methods in Enzvmology 266:460-480 (1996)). Most of the WU-BLAST-2 search parameters 
are set to the default values. Those not set to default values, i.e., the adjustable parameters, are 
set with the following values: overlap span = 1, overlap fraction = 0.125, word threshold (T) 
= 11, and scoring matrix = BLOSUM62. When WU-BLAST-2 is employed, a % amino acid 
sequence identity value is determined by dividing (a) the number of matching identical amino 
acid residues between the amino acid sequence of the PRO polypeptide of interest having a 
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sequence derived from the native PRO polypeptide and the comparison amino acid sequence 
of interest (i.e., the sequence against which the PRO polypeptide of interest is being compared 
which may be a PRO variant polypeptide) as determined by WU-BLAST-2 by (b) the total 
number of amino acid residues of the PRO polypeptide of interest. For example, in the 
statement "a polypeptide comprising an the amino acid sequence A which has or having at least 
80% amino acid sequence identity to the amino acid sequence B", the amino acid sequence A 
is the comparison amino acid sequence of interest and the amino acid sequence B is the amino 
acid sequence of the PRO polypeptide of interest. 

[0203] Percent amino acid sequence identity may also be determined using the 
sequence comparison program NCBI-BLAST2 (Altschul et al., Nucleic Acids Res. 
25:3389-3402 (1997)). The NCBI-BLAST2 sequence comparison program may be 
downloaded from http://www.ncbi.nlm.nih.gov the National Institutes of Health website or 
otherwise obtained from the National Institute of Health, Bethesda, MD. NCBI-BLAST2 uses 
several search parameters, wherein all of those search parameters are set to default values 
including, for example, unmask = yes, strand = all, expected occurrences = 10, minimum low 
complexity length = 15/5, multi-pass e- value = 0.01, constant for multi-pass = 25, dropoff for 
final gapped alignment = 25 and scoring matrix = BLOSUM62. 

[0204] In situations where NCBI-BLAST2 is employed for amino acid sequence 
comparisons, the % amino acid sequence identity of a given amino acid sequence A to, with, 
or against a given amino acid sequence B (which can alternatively be phrased as a given amino 
acid sequence A that has or comprises a certain % amino acid sequence identity to, with, or 
against a given amino acid sequence B) is calculated as follows: 

100 times the fraction X/Y 

where X is the number of amino acid residues scored as identical matches by the sequence 
alignment program NCBI-BLAST2 in that program's alignment of A and B, and where Y is the 
total number of amino acid residues in B. It will be appreciated that where the length of amino 
acid sequence A is not equal to the length of amino acid sequence B, the % amino acid 
sequence identity of A to B will not equal the % amino acid sequence identity of B to A. 
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[0205] "PRO variant polynucleotide" or "PRO variant nucleic acid sequence" 
means a nucleic acid molecule which encodes an active PRO polypeptide as defined below and 
which has at least about 80% nucleic acid sequence identity with a nucleotide acid sequence 
encoding a full-length native sequence PRO polypeptide sequence as disclosed herein, a 
full-length native sequence PRO polypeptide sequence lacking the signal peptide as disclosed 
herein, an extracellular domain of a PRO polypeptide, with or without the signal peptide, as 
disclosed herein or any other fragment of a full-length PRO polypeptide sequence as disclosed 
herein. Ordinarily, a PRO variant polynucleotide will have at least about 80% nucleic acid 
sequence identity, alternatively at least about 81% nucleic acid sequence identity, alternatively 
at least about 82% nucleic acid sequence identity, alternatively at least about 83% nucleic acid 
sequence identity, alternatively at least about 84% nucleic acid sequence identity, alternatively 
at least about 85% nucleic acid sequence identity, alternatively at least about 86% nucleic acid 
sequence identity, alternatively at least about 87% nucleic acid sequence identity, alternatively 
at least about 88% nucleic acid sequence identity, alternatively at least about 89% nucleic acid 
sequence identity, alternatively at least about 90% nucleic acid sequence identity, alternatively 
at least about 91% nucleic acid sequence identity, alternatively at least about 92% nucleic acid 
sequence identity, alternatively at least about 93% nucleic acid sequence identity, alternatively 
at least about 94% nucleic acid sequence identity, alternatively at least about 95% nucleic acid 
sequence identity, alternatively at least about 96% nucleic acid sequence identity, alternatively 
at least about 97% nucleic acid sequence identity, alternatively at least about 98% nucleic acid 
sequence identity and alternatively at least about 99% nucleic acid sequence identity with a 
nucleic acid sequence encoding a full-length native sequence PRO polypeptide sequence as 
disclosed herein, a full-length native sequence PRO polypeptide sequence lacking the signal 
peptide as disclosed herein, an extracellular domain of a PRO polypeptide, with or without the 
signal sequence, as disclosed herein or any other fragment of a full-length PRO polypeptide 
sequence as disclosed herein. Variants do not encompass the native nucleotide sequence. 

[0206] Ordinarily, PRO variant polynucleotides are at least about 30 nucleotides in 
length, alternatively at least about 60 nucleotides in length, alternatively at least about 90 
nucleotides in length, alternatively at least about 120 nucleotides in length, alternatively at least 
about 150 nucleotides in length, alternatively at least about 180 nucleotides in length, 
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alternatively at least about 210 nucleotides in length, alternatively at least about 240 
nucleotides in length, alternatively at least about 270 nucleotides in length, alternatively at least 
about 300 nucleotides in length, alternatively at least about 450 nucleotides in length, 
alternatively at least about 600 nucleotides in length, alternatively at least about 900 
nucleotides in length, or more. 

[0207] "Percent (%) nucleic acid sequence identity" with respect to PRO-encoding 
nucleic acid sequences identified herein is defined as the percentage of nucleotides in a 
candidate sequence that are identical with the nucleotides in the PRO nucleic acid sequence of 
interest, after aligning the sequences and introducing gaps, if necessary, to achieve the 
maximum percent sequence identity. Alignment for purposes of determining percent nucleic 
acid sequence identity can be achieved in various ways that are within the skill in the art, for 
instance, using publicly available computer software such as BLAST, BLAST-2, ALIGN or 
Megalign (DNASTAR) software. For purposes herein, however, % nucleic acid sequence 
identity values are generated using the sequence comparison computer program ALIGN-2, 
wherein the complete source code for the ALIGN-2 program is provided in Table 1 below. The 
ALIGN-2 sequence comparison computer program was authored by Genentech, Inc. and the 
source code shown in Table 1 below has been filed with user documentation in the U.S. 
Copyright Office, Washington D.C., 20559, where it is registered under U.S. Copyright 
Registration No. TXU5 10087. The ALIGN-2 program is publicly available through 
Genentech, Inc., South San Francisco, California or may be compiled from the source code 
provided in Table 1 below. The ALIGN-2 program should be compiled for use on a UNIX 
operating system, preferably digital UNIX V4.0D. All sequence comparison parameters are 
set by the ALIGN-2 program and do not vary. 

[0208] In situations where ALIGN-2 is employed for nucleic acid sequence 
comparisons, the % nucleic acid sequence identity of a given nucleic acid sequence C to, with, 
or against a given nucleic acid sequence D (which can alternatively be phrased as a given 
nucleic acid sequence C that has or comprises a certain % nucleic acid sequence identity to, 
with, or against a given nucleic acid sequence D) is calculated as follows: 

100 times the fraction W/Z 
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where W is the number of nucleotides scored as identical matches by the sequence alignment 
program ALIGN-2 in that program's alignment of C and D, and where Z is the total number of 
nucleotides in D. It will be appreciated that where the length of nucleic acid sequence C is not 
equal to the length of nucleic acid sequence D, the % nucleic acid sequence identity of C to D 
will not equal the % nucleic acid sequence identity of D to C. As examples of % nucleic acid 
sequence identity calculations, Tables 4 and 5, demonstrate how to calculate the % nucleic acid 
sequence identity of the nucleic acid sequence designated "Comparison DNA" to the nucleic 
acid sequence designated "PRO-DNA", wherein "PRO-DNA" represents a hypothetical 
PRO-encoding nucleic acid sequence of interest, "Comparison DNA" represents the nucleotide 
sequence of a nucleic acid molecule against which the "PRO-DNA" nucleic acid molecule of 
interest is being compared, and "N", "L" and "V" each represent different hypothetical 
nucleotides. 

[0209] Unless specifically stated otherwise, all % nucleic acid sequence identity 
values used herein are obtained as described in the immediately preceding paragraph using the 
ALIGN-2 computer program. However, % nucleic acid sequence identity values may also be 
obtained as described below by using the WU-BLAST-2 computer program (Altschul et al., 
Methods in Enzvmologv 266:460-480 (1996)). Most of the WU-BLAST-2 search parameters 
are set to the default values. Those not set to default values, i.e., the adjustable parameters, are 
set with the following values: overlap span = 1, overlap fraction = 0.125, word threshold (T) 
= 1 1, and scoring matrix = BLOSUM62. When WU-BLAST-2 is employed, a % nucleic acid 
sequence identity value is determined by dividing (a) the number of matching identical 
nucleotides between the nucleic acid sequence of the PRO polypeptide-encoding nucleic acid 
molecule of interest having a sequence derived from the native sequence PRO 
polypeptide-encoding nucleic acid and the comparison nucleic acid molecule of interest (i.e., 
the sequence against which the PRO polypeptide-encoding nucleic acid molecule of interest is 
being compared which may be a variant PRO polynucleotide) as determined by WU-BLAST-2 
by (b) the total number of nucleotides of the PRO polypeptide-encoding nucleic acid molecule 
of interest. For example, in the statement "an isolated nucleic acid molecule comprising a 
nucleic acid sequence A which has or having at least 80% nucleic acid sequence identity to the 
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nucleic acid sequence B", the nucleic acid sequence A is the comparison nucleic acid molecule 
of interest and the nucleic acid sequence B is the nucleic acid sequence of the PRO 
polypeptide-encoding nucleic acid molecule of interest. 

[0210] Percent nucleic acid sequence identity may also be determined using the 
sequence comparison program NCBI-BLAST2 (Altschul et al., Nucleic Acids Res. 
25:3389-3402 (1997)). The NCBI-BLAST2 sequence comparison program may be 
downloaded from http://www.ncbi.nlm.nih.gov the National Institutes of Health website or 
otherwise obtained from the National Institute of Health, Bethesda, MD. NCBI-BLAST2 uses 
several search parameters, wherein all of those search parameters are set to default values 
including, for example, unmask = yes, strand = all, expected occurrences =10, minimum low 
complexity length = 15/5, multi-pass e- value = 0.01, constant for multi-pass = 25, dropoff for 
final gapped alignment = 25 and scoring matrix = BLOSUM62. 

[0211] In situations where NCBI-BLAST2 is employed for sequence comparisons, 
the % nucleic acid sequence identity of a given nucleic acid sequence C to, with, or against a 
given nucleic acid sequence D (which can alternatively be phrased as a given nucleic acid 
sequence C that has or comprises a certain % nucleic acid sequence identity to, with, or against 
a given nucleic acid sequence D) is calculated as follows: 

100 times the fraction W/Z 

where W is the number of nucleotides scored as identical matches by the sequence alignment 
program NCBI-BLAST2 in that program's alignment of C and D, and where Z is the total 
number of nucleotides in D. It will be appreciated that where the length of nucleic acid 
sequence C is not equal to the length of nucleic acid sequence D, the % nucleic acid sequence 
identity of C to D will not equal the % nucleic acid sequence identity of D to C. 

[0212] In other embodiments, PRO variant polynucleotides are nucleic acid 
molecules that encode an active PRO polypeptide and which are capable of hybridizing, 
preferably under stringent hybridization and wash conditions, to nucleotide sequences 
encoding a full-length PRO polypeptide as disclosed herein. PRO variant polypeptides maybe 
those that are encoded by a PRO variant polynucleotide. 



-32- 



[0213] "Isolated/' when used to describe the various polypeptides disclosed herein, 
means polypeptide that has been identified and separated and/or recovered from a component 
of its natural environment. Contaminant components of its natural environment are materials 
that would typically interfere with diagnostic or therapeutic uses for the polypeptide, and may 
include enzymes, hormones, and other proteinaceous or non-proteinaceous solutes. In 
preferred embodiments, the polypeptide will be purified (1) to a degree sufficient to obtain at 
least 15 residues of N-terminal or internal amino acid sequence by use of a spinning cup 
sequenator, or (2) to homogeneity by SDS-PAGE under non-reducing or reducing conditions 
using Coomassie blue or, preferably, silver stain. Isolated polypeptide includes polypeptide in 
situ within recombinant cells, since at least one component of the PRO polypeptide natural 
environment will not be present. Ordinarily, however, isolated polypeptide will be prepared by 
at least one purification step. 

[0214] An "isolated" PRO polypeptide-encoding nucleic acid or other 
polypeptide-encoding nucleic acid is a nucleic acid molecule that is identified and separated 
from at least one contaminant nucleic acid molecule with which it is ordinarily associated in 
the natural source of the polypeptide-encoding nucleic acid. An isolated polypeptide-encoding 
nucleic acid molecule is other than in the form or setting in which it is found in nature. Isolated 
polypeptide-encoding nucleic acid molecules therefore are distinguished from the specific 
polypeptide-encoding nucleic acid molecule as it exists in natural cells. However, an isolated 
polypeptide-encoding nucleic acid molecule includes polypeptide-encoding nucleic acid 
molecules contained in cells that ordinarily express the polypeptide where, for example, the 
nucleic acid molecule is in a chromosomal location different from that of natural cells. 

[0215] The term "control sequences" refers to DNA sequences necessary for the 
expression of an operably linked coding sequence in a particular host organism. The control 
sequences that are suitable for prokaryotes, for example, include a promoter, optionally an 
operator sequence, and a ribosome binding site. Eukaryotic cells are known to utilize 
promoters, polyadenylation signals, and enhancers. 

[0216] Nucleic acid is "operably linked" when it is placed into a functional 
relationship with another nucleic acid sequence. For example, DNA for a presequence or 
secretory leader is operably linked to DNA for a polypeptide if it is expressed as a preprotein 
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that participates in the secretion of the polypeptide; a promoter or enhancer is operably linked 
to a coding sequence if it affects the transcription of the sequence; or a ribosome binding site is 
operably linked to a coding sequence if it is positioned so as to facilitate translation. Generally, 
"operably linked" means that the DNA sequences being linked are contiguous, and, in the case 
of a secretory leader, contiguous and in reading phase. However, enhancers do not have to be 
contiguous. Linking is accomplished by ligation at convenient restriction sites. If such sites 
do not exist, the synthetic oligonucleotide adaptors or linkers are used in accordance with 
conventional practice. 

[0217] The term "antibody 5 ' is used in the broadest sense and specifically covers, 
for example, single anti-PRO monoclonal antibodies (including agonist, antagonist, and 
neutralizing antibodies), anti-PRO antibody compositions with polyepitopic specificity, single 
chain anti-PRO antibodies, and fragments of anti-PRO antibodies (see below). The term 
"monoclonal antibody" as used herein refers to an antibody obtained from a population of 
substantially homogeneous antibodies, i.e., the individual antibodies comprising the 
population are identical except for possible naturally-occurring mutations that may be present 
in minor amounts. 

[0218] "Stringency" of hybridization reactions is readily determinable by one of 
ordinary skill in the art, and generally is an empirical calculation dependent upon probe length, 
washing temperature, and salt concentration. In general, longer probes require higher 
temperatures for proper annealing, while shorter probes need lower temperatures. 
Hybridization generally depends on the ability of denatured DNA to reanneal when 
complementary strands are present in an environment below their melting temperature. The 
higher the degree of desired homology between the probe and hybridizable sequence, the 
higher the relative temperature which can be used. As a result, it follows that higher relative 
temperatures would tend to make the reaction conditions more stringent, while lower 
temperatures less so. For additional details and explanation of stringency of hybridization 
reactions, see Ausubel et al., Current Protocols in Molecular Biology . Wiley Interscience 
Publishers, (1995). 

[0219] "Stringent conditions" or "high stringency conditions", as defined herein, 
may be identified by those that: (1) employ low ionic strength and high temperature for 
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washing, for example 0.01 5 M sodium chloride/0.001 5 M sodium citrate/0. 1 % sodium dodecyl 
sulfate at 50°C; (2) employ during hybridization a denaturing agent, such as formamide, for 
example, 50% (v/v) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1% 
polyvinylpyrrolidone/50mM sodium phosphate buffer at pH 6.5 with 750 mM sodium 
chloride, 75 mM sodium citrate at 42°C; or (3) employ 50% formamide, 5 x SSC (0.75 M 
NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium 
pyrophosphate, 5 x Denhardt's solution, sonicated salmon sperm DNA (50 |ig/ml), 0.1% SDS, 
and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2 x SSC (sodium chloride/sodium 
citrate) and 50% formamide at 55°C, followed by a high-stringency wash consisting of 0.1 x 
SSC containing EDTA at 55°C. 

[0220] "Moderately stringent conditions" may be identified as described by 
Sambrook et al., Molecular Cloning: A Laboratory Manual , New York: Cold Spring Harbor 
Press, 1989, and include the use of washing solution and hybridization conditions (e.g., 
temperature, ionic strength and %SDS) less stringent that those described above. An example 
of moderately stringent conditions is overnight incubation at 37°C in a solution comprising: 
20% formamide, 5 x SSC (150 mM NaCl, 1 5 mM trisodium citrate), 50 mM sodium phosphate 
(pH 7.6), 5 x Denhardt's solution, 10% dextran sulfate, and 20 mg/ml denatured sheared 
salmon sperm DNA, followed by washing the filters in 1 x SSC at about 37-50°C. The skilled 
artisan will recognize how to adjust the temperature, ionic strength, etc. as necessary to 
accommodate factors such as probe length and the like. 

[0221] The term "epitope tagged" when used herein refers to a chimeric 
polypeptide comprising a PRO polypeptide fused to a "tag polypeptide". The tag polypeptide 
has enough residues to provide an epitope against which an antibody can be made, yet is short 
enough such that it does not interfere with activity of the polypeptide to which it is fused. The 
tag polypeptide preferably also is fairly unique so that the antibody does not substantially 
cross-react with other epitopes. Suitable tag polypeptides generally have at least six amino 
acid residues and usually between about 8 and 50 amino acid residues (preferably, between 
about 10 and 20 amino acid residues). 

[0222] As used herein, the term "immunoadhesin" designates antibody-like 
molecules which combine the binding specificity of a heterologous protein (an "adhesin") with 
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the effector functions of immunoglobulin constant domains. Structurally, the immunoadhesins 
comprise a fusion of an amino acid sequence with the desired binding specificity which is other 
than the antigen recognition and binding site of an antibody (i.e., is "heterologous"), and an 
immunoglobulin constant domain sequence. The adhesin part of an immunoadhesin molecule 
typically is a contiguous amino acid sequence comprising at least the binding site of a receptor 
or a ligand. The immunoglobulin constant domain sequence in the immunoadhesin may be 
obtained from any immunoglobulin, such as IgG-1, IgG-2, IgG-3, or IgG-4 subtypes, IgA 
(including IgA-1 and IgA-2), IgE, IgD or IgM. 

[0223] "Active" or "activity" for the purposes herein refers to form(s) of a PRO 
polypeptide which retain a biological and/or an immunological activity of native or 
naturally-occurring PRO, wherein "biological" activity refers to a biological function (either 
inhibitory or stimulatory) caused by a native or naturally-occurring PRO other than the ability 
to induce the production of an antibody against an antigenic epitope possessed by a native or 
naturally-occurring PRO and an "immunological" activity refers to the ability to induce the 
production of an antibody against an antigenic epitope possessed by a native or 
naturally-occurring PRO. 

[0224] The term "antagonist" is used in the broadest sense, and includes any 
molecule that partially or fully blocks, inhibits, or neutralizes a biological activity of a native 
PRO polypeptide disclosed herein. In a similar manner, the term "agonist" is used in the 
broadest sense and includes any molecule that mimics a biological activity of a native PRO 
polypeptide disclosed herein. Suitable agonist or antagonist molecules specifically include 
agonist or antagonist antibodies or antibody fragments, fragments or amino acid sequence 
variants of native PRO polypeptides, peptides, antisense oligonucleotides, small organic 
molecules, etc. Methods for identifying agonists or antagonists of a PRO polypeptide may 
comprise contacting a PRO polypeptide with a candidate agonist or antagonist molecule and 
measuring a detectable change in one or more biological activities normally associated with the 
PRO polypeptide. 

[0225] "Treatment" refers to both therapeutic treatment and prophylactic or 
preventative measures, wherein the object is to prevent or slow down (lessen) the targeted 
pathologic condition or disorder. Those in need of treatment include those already with the 
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disorder as well as those prone to have the disorder or those in whom the disorder is to be 
prevented. 

[0226] "Chronic" administration refers to administration of the agent(s) in a 
continuous mode as opposed to an acute mode, so as to maintain the initial therapeutic effect 
(activity) for an extended period of time. "Intermittent" administration is treatment that is not 
consecutively done without interruption, but rather is cyclic in nature. 

[0227] "Mammal" for purposes of treatment refers to any animal classified as a 
mammal, including humans, domestic and farm animals, and zoo, sports, or pet animals, such 
as dogs, cats, cattle, horses, sheep, pigs, goats, rabbits, etc. Preferably, the mammal is human. 

[0228] Administration "in combination with" one or more further therapeutic 
agents includes simultaneous (concurrent) and consecutive administration in any order. 

[0229] "Carriers" as used herein include pharmaceutical^ acceptable carriers, 
excipients, or stabilizers which are nontoxic to the cell or mammal being exposed thereto at the 
dosages and concentrations employed. Often the physiologically acceptable carrier is an 
aqueous pH buffered solution. Examples of physiologically acceptable carriers include buffers 
such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low 
molecular weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, 
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids 
such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and 
other carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; 
sugar alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium; and/or 
nonionic surfactants such as TWEEN™, polyethylene glycol (PEG), and PLURONICS™. 

[0230] "Antibody fragments" comprise a portion of an intact antibody, preferably 
the antigen binding or variable region of the intact antibody. Examples of antibody fragments 
include Fab, Fab 5 , F(ab')2, and Fv fragments; diabodies; linear antibodies (Zapata et al., 
Protein Eng. 8(10): 1057-1062 [1995]); single-chain antibody molecules; and multispecific 
antibodies formed from antibody fragments. 

[0231] Papain digestion of antibodies produces two identical antigen-binding 
fragments, called "Fab" fragments, each with a single antigen-binding site, and a residual "Fc" 
fragment, a designation reflecting the ability to crystallize readily. Pepsin treatment yields an 



-37- 



F(ab')2 fragment that has two antigen-combining sites and is still capable of cross-linking 
antigen. 

[0232] "Fv" is the minimum antibody fragment which contains a complete 
antigen-recognition and -binding site. This region consists of a dimer of one heavy- and one 
light-chain variable domain in tight, non-covalent association. It is in this configuration that 
the three CDRs of each variable domain interact to define an antigen-binding site on the 
surface of the V H -V L dimer. Collectively, the six CDRs confer antigen-binding specificity to 
the antibody. However, even a single variable domain (or half of an Fv comprising only three 
CDRs specific for an antigen) has the ability to recognize and bind antigen, although at a lower 
affinity than the entire binding site. 

[0233] The Fab fragment also contains the constant domain of the light chain and 
the first constant domain (CHI) of the heavy chain. Fab fragments differ from Fab' fragments 
by the addition of a few residues at the carboxy terminus of the heavy chain CHI domain 
including one or more cysteines from the antibody hinge region. Fab'-SH is the designation 
herein for Fab' in which the cysteine residue(s) of the constant domains bear a free thiol group. 
F(ab') 2 antibody fragments originally were produced as pairs of Fab' fragments which have 
hinge cysteines between them. Other chemical couplings of antibody fragments are also 
known. 

[0234] The "light chains" of antibodies (immunoglobulins) from any vertebrate 
species can be assigned to one of two clearly distinct types, called kappa and lambda, based on 
the amino acid sequences of their constant domains. 

[0235] Depending on the amino acid sequence of the constant domain of their 
heavy chains, immunoglobulins can be assigned to different classes. There are five major 
classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and several of these may be further 
divided into subclasses (isotypes), e.g., IgGl, IgG2, IgG3, IgG4, IgA, and IgA2. 

[0236] "Single-chain Fv" or "sFv" antibody fragments comprise the V H and V L 
domains of antibody, wherein these domains are present in a single polypeptide chain. 
Preferably, the Fv polypeptide further comprises a polypeptide linker between the V H and V L 
domains which enables the sFv to form the desired structure for antigen binding. For a review 
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of sFv, see Pluckthun in The Pharmacology of Monoclonal Antibodies , vol. 113, Rosenburg 
and Moore eds., Springer- Verlag, New York, pp. 269-315 (1994). 

[0237] The term "diabodies" refers to small antibody fragments with two 
antigen-binding sites, which fragments comprise a heavy-chain variable domain (Vh) 
connected to a light-chain variable domain (V L ) in the same polypeptide chain (Vh-Vl). By 
using a linker that is too short to allow pairing between the two domains on the same chain, the 
domains are forced to pair with the complementary domains of another chain and create two 
antigen-binding sites. Diabodies are described more fully in, for example, EP 404,097; WO 
93/1 1 161; and Hollinger et al, Proc. Natl. Acad. Sci. USA . 90:6444-6448 (1993). 

[0238] An "isolated" antibody is one which has been identified and separated 
and/or recovered from a component of its natural environment. Contaminant components of 
its natural environment are materials which would interfere with diagnostic or therapeutic uses 
for the antibody, and may include enzymes, hormones, and other proteinaceous or 
nonproteinaceous solutes. In preferred embodiments, the antibody will be purified (1) to 
greater than 95% by weight of antibody as determined by the Lowry method, and most 
preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15 residues of 
N-terminal or internal amino acid sequence by use of a spinning cup sequenator, or (3) to 
homogeneity by SDS-PAGE under reducing or nonreducing conditions using Coomassie blue 
or, preferably, silver stain. Isolated antibody includes the antibody in situ within recombinant 
cells since at least one component of the antibody's natural environment will not be present. 
Ordinarily, however, isolated antibody will be prepared by at least one purification step. 

[0239] An antibody that "specifically binds to" or is "specific for" a particular 
polypeptide or an epitope on a particular polypeptide is one that binds to that particular 
polypeptide or epitope on a particular polypeptide without substantially binding to any other 
polypeptide or polypeptide epitope. 

[0240] The word "label" when used herein refers to a detectable compound or 
composition which is conjugated directly or indirectly to the antibody so as to generate a 
"labeled" antibody. The label may be detectable by itself (e.g. radioisotope labels or 
fluorescent labels) or, in the case of an enzymatic label, may catalyze chemical alteration of a 
substrate compound or composition which is detectable. 
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[0241] By "solid phase" is meant a non-aqueous matrix to which the antibody of 
the present invention can adhere. Examples of solid phases encompassed herein include those 
formed partially or entirely of glass (e.g., controlled pore glass), polysaccharides (e.g., 
agarose), polyacrylamides, polystyrene, polyvinyl alcohol and silicones. In certain 
embodiments, depending on the context, the solid phase can comprise the well of an assay 
plate; in others it is a purification column (e.g., an affinity chromatography column). This term 
also includes a discontinuous solid phase of discrete particles, such as those described in U.S. 
Patent No. 4,275,149. 

[0242] A "liposome" is a small vesicle composed of various types of lipids, 
phospholipids and/or surfactant which is useful for delivery of a drug (such as a PRO 
polypeptide or antibody thereto) to a mammal. The components of the liposome are commonly 
arranged in a bilayer formation, similar to the lipid arrangement of biological membranes. 

[0243] A "small molecule" is defined herein to have a molecular weight below 
about 500 Daltons. 
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Table 1 



r 

* 

* C-C increased from 12 to 15 

* Z is average of EQ 

* B is average of ND 

* match with stop is _M; stop-stop = 0; J Qoker) match = 0 
7 

#define _M -8 T value of a match with a stop 7 

int _day[26][26] = { 

r ABCDEFGHIJKLMNOPQRSTUVWXYZ7 

r A 7 {2, 0,-2, 0, 0,-4, 1 ,-1 ,-1 , 0,-1 ,-2,-1 , 0,_M, 1 , 0,-2, 1,1,0, 0,-6, 0,-3, 0}, 

r B 7 {0, 3,-4, 3, 2,-5, 0, 1,-2, 0, 0,-3,-2, 2,_M,-1, 1, 0, 0, 0, 0,-2,-5, 0,-3, 1}, 

r C 7 {-2,-4,15,-5,-5,-4,-3,-3,-2, 0,-5,-6,-5,-4,_M,-3,-5,-4, 0,-2, 0,-2,-8, 0, 0,-5}, 

r D 7 { 0, 3,-5, 4, 3,-6, 1,1,-2,0, 0,-4,-3, 2,_M,-1 , 2,-1 , 0, 0, 0,-2,-7, 0,-4, 2}, 

/* E 7 { 0, 2,-5, 3, 4,-5, 0, 1 ,-2, 0, 0,-3,-2, 1 ,_M,-1 , 2,-1 , 0, 0, 0,-2,-7, 0,-4, 3}, 

r F 7 {-4,-5,-4,-6,-5, 9,-5,-2, 1 , 0,-5, 2, 0,-4,_M,-5,-5,-4,-3,-3, 0,-1 , 0, 0, 7,-5}, 

r G 7 { 1 , 0,-3, 1 , 0,-5, 5,-2,-3, 0,-2,-4,-3, 0,_M,-1 ,-1 ,-3, 1 , 0, 0,-1 ,-7, 0,-5, 0}, 

r H 7 {-1 , 1 ,-3, 1 , 1 ,-2,-2, 6,-2, 0, 0,-2,-2, 2,_M, 0, 3, 2,-1 ,-1 , 0,-2,-3, 0, 0, 2}, 

r I 7 {-1,-2,-2,-2,-2, 1,-3,-2, 5, 0,-2, 2, 2,-2,_M,-2,-2,-2,-1, 0, 0, 4,-5, 0,-1,-2}, 

r J 7 { 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,_M, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0}, 

/* K 7 {-1 , 0,-5, 0, 0,-5,-2, 0,-2, 0, 5,-3, 0, 1 ,_M,-1 , 1 , 3, 0, 0, 0,-2,-3, 0,-4, 0}, 

r L 7 {-2,-3,-6,-4,-3, 2,-4,-2, 2, 0,-3, 6, 4,-3, JVI, -3, -2, -3, -3,-1 , 0, 2,-2, 0,-1 ,-2}, 

r M 7 {-1 ,-2,-5,-3,-2, 0,-3,-2, 2, 0, 0, 4, 6,-2,_M,-2,-1 , 0,-2,-1 , 0, 2,-4, 0,-2,-1}, 

r N 7 { 0, 2,-4, 2, 1,-4, 0, 2,-2, 0, 1,-3,-2, 2,_M,-1, 1, 0, 1, 0, 0,-2,-4, 0,-2, 1}, 

r O 7 {_M ,_M ,_M ,_M ,_M ,_M ,_M ,_M ,_M ,_M ,_M ,_M ,_M ,_M , 0 ,_M ,_M ,_M ,_M ,_M ,_M ,_M ,_M ,_M ,_M ,_M}, 

1*9*1 {1 ,-1 ,-3,-1 ,-1 ,-5,-1 , 0,-2, 0,-1 ,-3,-2,-1 ,_M, 6,0,0,1,0, 0,-1 ,-6, 0,-5, 0}, 

I* Q 7 {0,1 ,-5, 2, 2,-5,-1 , 3,-2, 0, 1 ,-2,-1 , 1 ,_M, 0, 4, 1 ,-1 ,-1 , 0,-2,-5, 0,-4, 3}, 

r R 7 {-2, 0,-4,-1 ,-1 ,-4,-3, 2,-2,0, 3,-3, 0, 0,_M, 0,1,6, 0,-1 , 0,-2, 2, 0,-4, 0}, 

r S 7 {1,0,0, 0, 0,-3, 1 ,-1 ,-1 , 0, 0,-3,-2, 1 , _M, 1 ,-1 ,0,2,1, 0,-1 ,-2, 0,-3, 0}, 

r T 7 { 1 , 0,-2, 0, 0,-3, 0,-1 , 0, 0, 0,-1 ,-1 , 0,_M, 0,-1 ,-1,1, 3, 0, 0,-5, 0,-3, 0}, 

/* U 7 { 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,_M, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0}, 

/* V 7 { 0,-2,-2,-2,-2,-1 ,-1 ,-2, 4, 0,-2, 2, 2,-2,_M,-1 ,-2,-2,-1 , 0, 0, 4,-6, 0,-2,-2}, 

r W 7 {-6,-5,-8,-7,-7, 0,-7,-3,-5, 0,-3,-2,-4,-4,^,-6,-5, 2,-2,-5, 0,-6,17, 0, 0,-6}, 

r X 7 { 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, 0, 0,_M, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0}, 

r Y 7 {-3,-3, 0,-4,-4, 7,-5, 0,-1 , 0,-4,-1 ,-2,-2,_M,-5 ,-4,-4,-3,-3, 0,-2, 0, 0,10,-4}, 

r Z 7 { 0, 1 ,-5, 2, 3,-5, 0, 2,-2, 0, 0,-2,-1 , 1 , _M, 0, 3, 0, 0, 0, 0,-2,-6, 0,-4, 4} 

}; 
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Table 1 (conn 

r 
v 

#include <stdio.h> 
#include <ctype.h> 



#define MAXJMP 16 

#define MAXGAP 24 

#define JMPS 1024 

#define MX 4 



r max jumps in a diag 7 

/* don't continue to penalize gaps larger than this 7 
r max jmps in an path 7 

/* save if there's at least MX-1 bases since last jmp 7 



#define DMAT 

#define DMIS 

#define DINSO 

#define DINS1 

#define PINSO 

#define PINS1 



3 /* value of matching bases 7 

0 /* penalty for mismatched bases 7 
8 /* penalty for a gap 7 

1 r penalty per base 7 
8 /* penalty for a gap 7 

4 r penalty per residue 7 



struct jmp { 

short n[MAXJMP]; /* size of jmp (neg for dely) 7 

unsigned short xfMAXJMP]; /* base no. of jmp in seq x 7 

}; /* limits seq to 2 A 1 6-1 7 



struct diag { 

int score; 

long offset; 

short ijmp; 

struct jmp jp; 



/* score at last jmp 7 
/* offset of prev block 7 
/* current jmp index 7 
/* list of jmps 7 



struct path { 

int spc; /* number of leading spaces 7 

short n[JMPS]; /* size of jmp (gap) 7 

int x[JMPS];/* loc of jmp (last elem before gap) 7 



char 




*ofile; 


r output file name 7 


char 




*namex[2]; 


/* seq names: getseqs() 7 


char 




*prog; 


/* prog name for err msgs 7 


char 




*seqx[2]; 


/* seqs: getseqs() 7 


int 




dmax; 


/* best diag: nw() 7 


int 




dmaxO; 


1* final diag 7 


int 




dna; 


/* set if dna: main()7 


int 




endgaps; 


/* set if penalizing end gaps 7 


int 




gapx, gapy; 


/* total gaps in seqs 7 


int 




lenO, Ien1; 


/* seq lens 7 


int 




ngapx, ngapy; 


/* total size of gaps 7 


int 




smax; 


/* max score: nw() 7 


int 




*xbm; 


/* bitmap for matching 7 


long 




offset; 


/* current offset in jmp file 7 


struct 


diag 


*dx; 


/* holds diagonals 7 


struct 


path 


PP[2]; 


/* holds path for seqs 7 



char *calloc(), TnallocQ, *index(), *strcpy(); 

char *getseq(), *g_calloc(); 
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Table 1 (conf) 



I* Needleman-Wunsch alignment program 

* 

* usage: progs filel file2 

* where filel and file2 are two dna or two protein sequences. 

* The sequences can be in upper- or lower-case an may contain ambiguity 

* Any lines beginning with '>' or '<' are ignored 

* Max file length is 65535 (limited by unsigned short x in the jmp struct) 

* A sequence with 1/3 or more of its elements ACGTU is assumed to be DNA 

* Output is in the file "align.out" 
* 

* The program may create a tmp file in /tmp to hold info about traceback. 

* Original version developed under BSD 4.3 on a vax 8650 
7 

#include "nw.h" 
#include "day.h" 

static _dbval[26] = { 

1,14,2,13,0,0,4,11,0,0,12,0,3,15,0,0,0,5,6,8,8,7,9,0,10,0 

}; 

static _pbval[26] = { 

1, 2|(1«( , D'- , A'))|(1«CN , - < A , )), 4, 8, 16, 32, 64, 
128, 256, OxFFFFFFF, 1«10, 1«11, 1«12, 1«13, 1«14, 
1«15, 1«16, 1«17, 1«18, 1«19, 1«20, 1«21, 1«22, 
1«23, 1«24, I^SKI^'E'-'A'^KK^Q'-A')) 

}; 

main(ac, av) main 
int ac; 
char *av[ ]; 



{ 



prog = av[0]; 
if (ac!=3){ 

fprintf(stderr, "usage: %s filel file2\n", prog); 

fprintf(stderr, "where filel and file2 are two dna or two protein sequencesAn"); 
fprintf(stderr,"The sequences can be in upper- or lower-case\n"); 
fprintf(stderr,"Any lines beginning with ';' or '<' are ignored\n"); 
fprintf(stderr,"Output is in the file \"align.out\"\n"); 
exit(1); 

} 

namex[0] = av[1]; 
namex[1] = av[2]; 

seqx[0] = getseq(namex[0], &len0); 
seqx[1] = getseq(namex[1], &len1); 
xbm = (dna)? _dbval : .pbval; 

endgaps = 0; /* 1 to penalize endgaps */ 

ofile = "align.out"; /* output file 7 

nw(); I* fill in the matrix, get the possible jmps 7 

readjmps(); /* get the actual jmps 7 
printQ; /* print stats, alignment 7 

cleanup(O); /* unlink any tmp files 7 
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Table 1 (conf) 



r do the alignment, return best score: main() 

* dna: values in Fitch and Smith, PNAS, 80, 1382-1386, 1983 

* pro: PAM 250 values 

* When scores are equal, we prefer mismatches to any gap, prefer 

* a new gap to extending an ongoing gap, and prefer a gap in seqx 

* to a gap in seq y. 



7 








nw() 
{ 










char 


*px, *py; 


/* seqs and ptrs 7 




int 


*ndely, *dely; 


/* keep track of dely 7 




int 


ndelx, delx; 


/* keep track of delx 7 




int 


*tmp; 


/* for swapping rowO, rowl 7 




int 


mis; 


/* score for each type 7 




int 


insO, ins1; 


r insertion penalties 7 




register 


id; 


/* diagonal index 7 




register 


'j; 


/* jmp index 7 




register 


*col0, *col1; 


/* score for curr, last row 7 




register 


xx, yy; 


/* index into seqs 7 



dx = (struct diag *)g_calloc("to get diags", Ien0+len1+1 , sizeof(struct diag)); 

ndely = (int *)g_calloc( u to get ndely", Ien1+1, sizeof(int)); 
dely = (int *)g_calloc( M to get dely", Ien1+1, sizeof(int)); 
colO = (int *)g_calloc("to get colO", Ien1+1, sizeof(int)); 
coll = (int *)g_calloc( M to get coir, Ien1+1 , sizeof(int)); 
insO = (dna)? DINSO : PINSO; 
ins1 =(dna)? DINS1 :PINS1; 

smax = -10000; 
if (endgaps) { 

for (col0[0] = dely[0] = -insO, yy = 1 ; yy <= Ien1 ; yy++) { 
col0[yy] = delyfyy] = col0[yy-1] - ins1 ; 
ndely[yy] = yy; 

} 

col0[0] = 0; /* Waterman Bull Math Biol 84 7 

} 

else 

for (yy = 1 ; yy <= Ien1 ; yy++) 
dely[yy] = -insO; 

/* fill in match matrix 
7 

for (px = seqx[0], xx = 1 ; xx <= lenO; px++, xx++) { 
/* initialize first entry in col 

7 

if (endgaps) { 

if (xx == 1) 

col1[0] = delx = -(ins0+ins1); 

else 

coll [0] = delx = co!0[0] - ins1 ; 
ndelx = xx; 

} 

else { 

col1[0] = 0; 
delx = -insO; 
ndelx = 0; 

} 
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...nw 

for (py = seqx[1], yy = 1; yy <= Ien1; py++, yy++) { 
mis = col0[yy-1]; 
if(dna) 

mis += (xbmrpx-'A'l&xbmrpy-'A'])? DMAT : DMIS; 

else 

mis += .dayfpx-'AXpy-'A']; 

r update penalty for del in x seq; 

* favor new del over ongong del 

* ignore MAXGAP if weighting endgaps 
7 

if (endgaps || ndely[yy] < MAXGAP) { 
if (colO[yy] - insO >= dely[yyj) { 

dely[yy] = colO[yy] - (ins0+ins1); 
ndely[yy]= 1; 

} else { 

delyfyy] -= ins1 ; 
ndely[yy]++; 

} 

} else { 

if (colO[yy] - (ins0+ins1 ) >= delyfyy]) { 

dely[yy] = colO[yy] - (ins0+ins1); 
ndely[yy] = 1 ; 

} else 

ndely[yy]++; 

} 

/* update penalty for del in y seq; 

* favor new del over ongong del 
7 

if (endgaps || ndelx < MAXGAP) { 

if (coh[yy-1] - insO >= delx) { 

delx = col1[yy-1] - (ins0+ins1); 
ndelx = 1 ; 

} else { 

delx-=ins1; 
ndelx++; 

} 

} else { 

if (col1[yy-1] - (ins0+ins1) >= delx) { 

delx = col1[yy-1] - (ins0+ins1); 
ndelx = 1 ; 

}else 

ndelx++; 

} 

/* pick the maximum score; we're favoring 

* mis over any del and delx over dely 
7 
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id = xx- yy + Ien1 - 1; 

if (mis >= delx && mis >= dely[yy]) 

co!1[yy] = mis; 
else if (delx >= dely[yyj) { 

col1[yy] = delx; 

ij = dx[id].ijmp; 

if (dx[id].jp.n[0] && (!dna || (ndelx >= MAXJMP 
&& xx > dx[id].jp.x[lj]+MX) || mis > dx[id].score+DINSO)) { 
dx[id].ijmp++; 
if(++ij>= MAXJMP) { 
writejmps(id); 
ij ~ dx[id].ijmp = 0; 
dx[id].offset = offset; 

offset += sizeof( struct jmp) + sizeof(offset); 

} 

} 

dx[id].jp.n[ij] = ndelx; 
dx[id].jp.x[ij] = xx; 
dx[id].score = delx; 

} 

else{ 

col1[yy] = dely[yy]; 
ij = dx[id].ijmp; 
if (dx[id].jp.n[0] && (!dna || (ndely[yy] >= MAXJMP 

&& xx > dx[id].jp.x[ij]+MX) || mis > dx[id].score+DINSO)) { 
dx[id].ijmp++; 
if(++ij>= MAXJMP) { 
writejmps(id); 
ij = dx[id].ijmp = 0; 
dx[id].offset = offset; 

offset += sizeof(struct jmp) + sizeof(offset); 

} 

} 

dx[id].jp.n[ij] = -ndely[yy]; 
dx[id].jp.x[ij] = xx; 
dx[id].score = delyfyy]; 

} 

if (xx == lenO && yy < Ien1 ) { 
/* last col 
*/ 

if (endgaps) 

col1[yy] -= ins0+ins1*(len1-yy); 
if (col1[yy] > smax){ 

smax = coh[yy]; 

dmax = id; 

} 

} 

} 

if (endgaps && xx < lenO) 

col1[yy-1] -= ins0+ins1*(len0-xx); 
if (col1[yy-1]>smax){ 

smax = col1[yy-1]; 

dmax = id; 

} 

tmp = colO; colO = coM ; coll = tmp; 

} 

(void) free((char *)ndely); 
(void) free((char *)dely); 
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(void)free((char*)colO); 
(void)free((char*)col1); } 

r 

* 

* print() - only routine visible outside this module 
* 

* static: 

* getmat() - trace back best path, count matches: printQ 

* P r _a'i9 n 0 ~ Print alignment of described in array p[ J: print() 

* dumpblock() - dump a block of lines with numbers, stars: pr_align() 

* nums() - put out a number line: dumpblock() 

* putline() - put out a line (name, [num], seq, [num]): dumpblock() 

* stars() - -put a line of stars: dumpblock() 

* stripnameQ - strip any path and prefix from a seqname 
*/ 

#include "nw.h" 
#define SPC 3 

#define P_LINE 256 P maximum output line */ 

#define P_SPC 3 P space between name or num and seq */ 

extern _day[26][26]; 

int olen; /* set output line length 7 

FILE *fx; p output file 7 



print() 
{ 



int Ix, ly, firstgap, lastgap; /* overlap 7 

if ((fx = fopen(ofile, "w")) == 0) { 

fprintf(stderr,"%s: can't write %s\n", prog, ofile); 
cleanup(1); 

} 

fprintf(fx, "<first sequence: %s (length = %d)\n", namex[0], lenO); 
fprintf(fx, "<second sequence: %s (length = %d)\n w , namex[1], Ien1); 
olen = 60; 
Ix = lenO; 
ly = Ien1; 

firstgap = lastgap = 0; 

if (dmax < Ien1 - 1 ) { /* leading gap in x 7 
pp[0].spc = firstgap = Ien1 - dmax - 1; 
ly -= pp[0].spc; 

} 

else if (dmax > Ien1 - 1 ) { /* leading gap in y 7 
pp[1].spc = firstgap = dmax -(Ien1 - 1); 
Ix -= pp[1].spc; 

} 

if (dmaxO < lenO - 1 ) { /* trailing gap in x 7 
lastgap = lenO - dmaxO -1; 
Ix -= lastgap; 

} 

else If (dmaxO > lenO - 1 ) {/* trailing gap in y 7 
lastgap = dmaxO - (lenO - 1 ); 
ly -= lastgap; 

} 

getmat(lx, ly, firstgap, lastgap); 
pr_a1ign(); 
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r 

* trace back the best path, count matches 
*/ 

static 

getmat(lx, ly, firstgap, lastgap) 

int Ix, ly; /* "core" (minus endgaps) */ 

int firstgap, lastgap; /* leading trailing overlap */ 



register char *p0, *p1; 

r get total matches, score 
7 

iO = M = sizO = siz1 = 0; 
pO = seqx[0] + pp[1].spc; 
p1 = seqx[1] + pp[0].spc; 
nO = pp[1].spc + 1; 
n1 = pp[0].spc + 1; 

nm = 0; 

while ( *p0 && *p1 ) { 
If (sizO) { 

p1++; 
n1++; 
sizO-; 

} 

else if (siz1){ 
p0++; 
n0++; 
siz1-; 

} 

else { 

if (xbmrpO-'A'l&xbmrpl-'A']) 

nm++; 
if (n0++ == pp[0].x[iO]) 

sizO = pp[0].n[iO++]; 
lf(n1++ = PP[1].x[i1]) 

siz1 = pp[1].n[M++]; 

p0++; 
p1++; 



/* pet homology: 

* if penalizing endgaps, base is the shorter seq 

* else, knock off overhangs and take shorter core 
7 

if (endgaps) 

Ix = (len0<len1)? Ien0:len1; 

else 

Ix = (Ix < ly)? Ix : ly; 
pct= 100*(double)nm/(double)lx; 
fprintf(fx, "\n n ); 

fprintf(fx t "<%d match%s in an overlap of %d: %.2f percent similarity\n 
nm, (nm ==1)? : "es", Ix, pet); 



{ 



int 
char 
double 
register 



nm, iO, M, sizO, siz1; 

outx[32]; 

pet; 

nO, n1; 



} 



} 
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fprintf(fx, "<gaps in first sequence: %d", gapx); 
if(gapx){ 

(void) sprintf(outx, " (%d %s%s) n , 

ngapx, (dna)? "baseVresidue", (ngapx == 1)? ""iV); 

fprintf(fx;%s B , outx); 

fprintf(fx, ", gaps in second sequence: %d", gapy); 
if(gapy){ 

(void) sprintf(outx, " (%d %s%s) n , 

ngapy, (dna)? "base n :"residue", (ngapy == 1)? MM :V); 

fprintf(fx;%s B , outx); 

} 

if (dna) 

fprintf(fx, 

"\n<score: %d (match = %d, mismatch = %d, gap penalty = %d + %d per base)\n", 
smax, DMAT, DMIS, DINSO, DINS1); 

else 

fprintf(fx, 

"\n<score: %d (Dayhoff PAM 250 matrix, gap penalty = %d + %d per residue)\n", 
smax, PINSO, PINS1); 
if (endgaps) 

fprintf(fx, 

"<endgaps penalized, left endgap: %d %s%s, right endgap: %d %s%s\n", 
firstgap, (dna)? "base" : "residue", (firstgap == 1)? uu : M s", 
lastgap, (dna)? "base" : "residue", (lastgap == 1)? B " : V); 



.getmat 



else 



} 



fprintf(fx, "<endgaps not penalized\n"); 



static nm; 

static Imax; 

static ij[2]; 

static nc[2]; 

static ni[2]; 

static siz[2]; 

static char *ps[2]; 

static char *po[2]; 

static char out[2][P_LINE]; /* output line */ 

static char star[P_LINE]; /* set by stars() */ 



/* matches in core - for checking 7 
/* lengths of stripped file names */ 
/* jmp index for a path 7 
/* number at start of current line 7 
/* current elem number - for gapping 7 

/* ptr to current element 7 
/* ptr to next output char slot 7 



* print alignment of described in struct path pp [ ] 

7 

static 

pr_align() 
{ 



int 
int 

register 



nn; 

more; 

i; 



/* char count 7 



pr_align 



for (i = 0, Imax = 0; i < 2; i++) { 

nn = stripname(namex[i]); 
if (nn > Imax) 

Imax = nn; 

nc[i] = 1; 
ni[i] = 1; 
siz[i] = ij[i] = 0; 
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...pr_align 

ps[i] = seqx[i]; 

pop] = out[i]; } 
for (nn = nm = 0, more = 1 ; more; ) { 
for (i = more = 0; i < 2; { 

r 

* do we have more of this sequence? 
7 

if(!*ps[i]) 

continue; 

more++; 

if (pp[i].spc) { /* leading space 7 
*po[i]++ = ' '; 
pp[i].spc~; 

} 

else if (siz[i]) { I* in a gap 7 
*po[i]++ = '-'; 
siz[i]-; 

} 

else { /* we're putting a seq element 

7 

*po[i] = *ps[i]; 
if (islower(*ps[i])) 

*ps[i] = toupper(*ps[i]); 

po[i]++; 
ps[i]++; 

/* 

* are we at next gap for this seq? 
7 

if(ni[i] pp[i].x[ij[i]]){ 

r 

* we need to merge all gaps 

* at this location 
7 

siz[i] = pp[i].n[ij[i]++]; 
while (ni[i] == pp[i].x[ij[i]]) 

siz[i] += pp[i].n[ij[i]++]; 

} 

ni[i]++; 

} 

} 

if (++nn == olen || !more && nn) { 
dumpblock(); 
for (i = 0; i < 2; i++) 
po[i] = out[i]; 

nn = 0; 

} 

} 

} 

r 

* dump a block of lines, including numbers, stars: pr_align() 
v 

static 
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dumpblock() 
{ 



dumpblock 



register i; 

for (i = 0; i < 2; 

*p 0 [j]- = «\0'; 
(void) putc( 4 \n\ fx); 
for (i = 0; i < 2; { 

if(*out[i] && rout[i] !="F(po[i]) !=")){ 
if(i == 0) 

nums(i); 
if(i ==0&& *out[1]) 

stars(); 
putline(i); 

if(i ==0&& *out[1]) 

fprintf(fx, star); 
if(i ==1) 

nums(i); 



} 



} 



} 

/* 

* put out a number line: dumpblock() 
*/ 

static 

nums(ix) 



nums 



{ 



int ix; /* index in outQ holding seq line */ 

char nline[PJ_INE]; 
register i, j; 

register char *pn, *px, *py; 

for (pn = nline, i = 0; i < lmax+P_SPC; i++, pn++) 
*pn = ' *; 

for (i = nc[ix], py = outfix]; *py; py++, pn++) { 

if (*py ==**!! *py== -) 

*pn = ' '; 

else { 

if (i%10 == 0 || (i == 1 && nc[ix] != 1)) { 
j = (i < 0)? -i : i; 
for (px = pn; j; j /= 10, px~) 
*px = j%10 + '0*; 

if(i<0) 

*px = '-*; 

} 

else 



*pn = ' '; 



} 



i++; 



} 

r 



} 

*pn = *\0'; 
nc[ix] = i; 

for (pn = nline; *pn; pn++) 

(void) putc(*pn, fx); 
(void) putc('\n\ fx); 
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* put out a line (name, [num], seq, [num]): dumpblock() 
7 

static 
putline(ix) 

int ix; { 

int i; 

register char *px; 

for (px = namex[ix], i = 0; *px && *px != px++, 

(void) putc(*px, fx); 
for (; i < lmax+P_SPC; i++) 

(void) putc(* ', fx); 

I* these count from 1 : 

* nifl is current element (from 1 ) 

* ncQ Is number at start of current line 

7 

for (px = out[ix]; *px; px++) 

(void) putc(*px&0x7F, fx); 
(void) putc('\n\ fx); 

} 



/* 

* put a line of stars (seqs always in out[0], out[1]): dumpblock() 

7 

static 

stars() 
{ 

int i; 

register char *p0, *p1 , cx, *px; 

if ([*out[0] || (*out[0] == 1 ' && *(po[0]) == ' ') || 
rout[1]||rout[1]=="&&*(po[1])== t< )) 
return; 
px = star; 

for (i = lmax+P_SPC; i; i-) 
*px++ = ' 

for (pO = out[0], p1 = out[1]; *p0 && *p1; p0++, p1++) { 
if (isalpha(*pO) && isalpha(*p1 )) { 

if (xbm[*p0- A'J&xbmrpl-'A']) { 
cx = '*'; 
nm++; 

} 

else if (!dna && _day [*p0-' A'][*p 1 - A'] > 
cx = 7; 

else 

cx = "; 

} 

else 

cx = * '; 
*px++ = cx; 

} 

*px++ = 'W; 
*px = AO'; 

} 
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r 

* strip path or prefix from pn, return len: pr_align() 
*/ 

static 

stripname(pn) stri p name 

char *pn; f* file name (may be path) */ 

{ 

register char *px, *py; 
py = 0; 

for (px = pn; *px; px++) 
if (*px == V) 

py = px+ 1; 

if(PY) 

(void) strcpy(pn, py); 
return(strlen(pn)); 

} 

/* 

* cleanup() - cleanup any tmp file 

* getseq() - read in seq, set dna, len, maxlen 

* g_calloc() - calloc() with error checkin 

* readjmps() - get the good jmps, from tmp file if necessary 

* writejmpsQ - write a filled array of jmps to a tmp file: nw() 
*/ 

#include "nw.h" 
#include <sys/file.h> 

char *jname = 7tmp/homgXXXXXX w ; I* tmp file for jmps 7 

FILE *fj; 

int cleanupQ; /* cleanup tmp file */ 

long IseekQ; 

/* 

* remove any tmp file if we blow 

7 

cleanup(i) cleanup 
int i; 

{ 

if(fj) 

(void) unlinkQname); 

exit(i); 

} 

/* 

* read, return ptr to seq, set dna, len, maxlen 

* skip lines starting with '<\ or *>' 

* seq in upper or lower case 
7 

char * 
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getseq(file, len) getseq 
char *file; /* file name */ 
int *len; /* seq len */ 



{ 



} 

char 



char line[1024], *pseq; 

register char *px, *py; 

int natgc, tlen; 

FILE *fp; 

if((fp = fopen(file,V)) == 0){ 

fprintf(stderr,"%s: can't read %s\n", prog, file); 
exit(1); 

} 

tlen = natgc = 0; 

while (fgetsfline, 1024, fp)) { 

if (*line == ';' || *line == '< 4 1| *line == '>') 

continue; 
for (px = line; *px != An'; px++) 

if (isupper(*px) || islower(*px)) 
tlen++; 

} 

if ((pseq = malloc((unsigned)(tlen+6))) == 0) { 

fprintf(stderr,' , %s: malloc() failed to get %d bytes for %s\n M , prog, tlen+6, file); 
exit(1); 

} 

pseq[0] = pseq[1] = pseq[2] = pseq[3] = AO'; 
py = pseq + 4; 
*len = tlen; 
rewind(fp); 

while (fgets(line, 1024, fp)){ 

if (*line == ';■ || *line == '<' || *line == *>') 

continue; 
for (px = line; *px != An'; px++) { 
if (isupper(*px)) 

*py++ = *p X ; 
else if (islower(*px)) 

*py++ = toupper(*px); 
if(lndex("ATGCU"*(py-1))) 
natgc++; 

} 

} 

*py++ = AO'; 
*py = AO'; 
(void) fclose(fp); 
dna = natgc > (tlen/3); 
return(pseq+4); 
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g_calloc(msg, nx, sz) g calloc 

char *msg; /* program, calling routine */ 

int nx, sz; P number and size of elements */ 

{ 

char *px, *calloc(); 

if ((px = calloc((unsigned)nx, (unsigned)sz)) == 0) { 
if(*msg){ 

fprintf(stderr 1 "%s: g_calloc() failed %s (n=%d, sz=%d)\n", prog, msg, nx, sz); 
exit(1); 

} 

} 

return(px); 

} 

r 

* get final jmps from dxD or tmp file, set ppQ, reset dmax: main() 
*/ 



readjmps() readjmps 

{ 

int fd = -1; 

int sizJ0.i1; 



register i, j, xx; 
if(fj){ 

(void) fclose(fj); 

if ((fd = openQname, 0_RDONLY, 0)) < 0) { 

fprintf(stderr, "%s: can't open() %s\n", prog, jname); 
cleanup(1); 

} 

} 

for (i = iO = i1 = 0, dmaxO = dmax, xx = lenO; ; i++) { 
while (1){ 

for (j = dx[dmax].ijmp; j >= 0 && dx[dmax].jp.x[j] >= xx; j-) 

if (j < 0 && dx[dmax].offset && fj) { 

(void) lseek(fd, dx[dmax].offset, 0); 
(void) read(fd, (char *)&dx[dmax].jp, sizeof( struct jmp)); 
(void) read(fd, (char *)&dx[dmax].offset, sizeof(dx[dmax].offset)); 
dx[dmax].ijmp = MAXJMP-1; 

} 

else 

break; 

} 

if (i >= JMPS){ 

fprintf(stderr, "%s: too many gaps in alignment^", prog); 
cleanup(1); 
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} 

ifO>=0){ 

siz = dx[dmax].jp.n[j]; 
xx = dx[dmax].jp.x[j]; 
dmax += siz; 

if (siz < 0) { r gap in second seq 7 

pp[1].n[i1] = -siz; 
xx += siz; 

/* id = xx - yy + Ien1 - 1 

7 

pp[1 ].x[i1 ] = xx - dmax + Ien1 - 1 ; 
gapy++; 
ngapy -= siz; 
r ignore MAXGAP when doing endgaps 7 

siz = (-siz < MAXGAP || endgaps)? -siz : MAXGAP; 
i1++; 

} 

else if (siz > 0) { /* gap in first seq 7 
pp[0].n[i0] = siz; 
pp[0].x[i0] = xx; 
gapx++; 
ngapx += siz; 
I* ignore MAXGAP when doing endgaps 7 

siz = (siz < MAXGAP || endgaps)? siz : MAXGAP; 
i0++; 

} 

} 

else 

break; 

} 

/* reverse the order of jmps 

7 

for (j = 0, i0-; j < iO; j++, i0-) { 

i = pp[0].ny]; pp[0].nG] = pp[0].n[i0]; pp[0].n[iO] = i; 
i = PP[0].xD]; pp[0].xG] = pp[0].x[i0]; pp[0].x[i0] = i; 

} 

for 0 = 0, i1-;j<H;j++, i1-){ 

i = PP[1] nO]; PP[1]-nD] = PP[1]-n[i1]; pp[1].n[i1] = i; 
i = PP[1].xD]; pp[1].xD] = pp[l].x[i1]; PP [1].x[i1] = i; 

} 

if (fd >= 0) 

(void) close(fd); 

if(fl){ 

(void) unlink(jname); 
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fj = 0; 
offset = 0; 
} } 

/* 

* write a filled jmp struct offset of the prev one (if any): nw() 
*/ 

writejmps(ix) 

int ix; 

{ 

char *mktemp(); 
if(!fi){ 

if (mktempfjname) < 0) { 

fprint^stderr, "%s: can't mktemp() %s\n", prog, jname); 
cleanup(1); 

} 

if ((fj = fopenQname, W)) == 0) { 

fprintf(stderr, "%s: can't write %s\n", prog, jname); 
exit(1); 

} 

} 

(void) fwrite((char *)&dx[ix].jp, sizeof( struct jmp), 1 . fj); 
(void) fwrite((char *)&dx[ix].offset, sizeof(dx[ix].offset), 1, fj); 
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PRO XXXXXXXXXXXXXXX (Length = 15 amino acids) 

Comparison Protein XXXXXYYYYYYY (Length = 12 amino acids) 

% amino acid sequence identity = 

(the number of identically matching amino acid residues between the two polypeptide sequences as 
determined by ALIGN-2) divided by (the total number of amino acid residues of the PRO polypeptide) 



5 divided by 15 = 33.3% 



Table 3 

PRO XXXXXXXXXX (Length = 10 amino acids) 

Comparison Protein XXXXXYYYYYYZZYZ (Length = 1 5 amino acids) 

% amino acid sequence identity = 

(the number of identically matching amino acid residues between the two polypeptide sequences as 
determined by ALIGN-2) divided by (the total number of amino acid residues of the PRO polypeptide) 



5 divided by 10 = 50% 
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Table 4 

PRO-DNA NNNNNNNNNNNNNN (Length = 14 nucleotides) 

Comparison DNA NNNNNNLLLLLLLLLL (Length = 1 6 nucleotides) 

% nucleic acid sequence identity = 

(the number of identically matching nucleotides between the two nucleic acid sequences as 
determined by ALIGN-2) divided by (the total number of nucleotides of the PRO-DNA nucleic acid 
sequence) = 

6 divided by 14 = 42.9% 



Table 5 

PRO-DNA NNNNNNNNNNNN (Length = 12 nucleotides) 

Comparison DNA NNNNLLLW (Length = 9 nucleotides) 

% nucleic acid sequence identity = 

(the number of identically matching nucleotides between the two nucleic acid sequences as 
determined by ALIGN-2) divided by (the total number of nucleotides of the PRO-DNA nucleic acid 
sequence) = 

4 divided by 12 = 33.3% 
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II. Compositions and Methods of the Invention 

A. Full-Length PRO Polypeptides 

[0244] The present invention provides newly identified and isolated nucleotide 
sequences encoding polypeptides referred to in the present application as PRO polypeptides. 
In particular, cDNAs encoding various PRO polypeptides have been identified and isolated, as 
disclosed in further detail in the Examples below. It is noted that proteins produced in separate 
expression rounds maybe given different PRO numbers but the UNQ number is unique for any 
given DNA and the encoded protein, and will not be changed. However, for sake of simplicity, 
in the present specification the protein encoded by the full length native nucleic acid molecules 
disclosed herein as well as all further native homologues and variants included in the foregoing 
definition of PRO, will be referred to as "PRO/number", regardless of their origin or mode of 
preparation. 

[0245] As disclosed in the Examples below, various cDNA clones have been 
deposited with the ATCC. The actual nucleotide sequences of those clones can readily be 
determined by the skilled artisan by sequencing of the deposited clone using routine methods 
in the art. The predicted amino acid sequence can be determined from the nucleotide sequence 
using routine skill. For the PRO polypeptides and encoding nucleic acids described herein, 
Applicants have identified what is believed to be the reading frame best identifiable with the 
sequence information available at the time. 

B. PRO Polypeptide Variants 

[0246] In addition to the full-length native sequence PRO polypeptides described 
herein, it is contemplated that PRO variants can be prepared. PRO variants can be prepared by 
introducing appropriate nucleotide changes into the PRO DNA, and/or by synthesis of the 
desired PRO polypeptide. Those skilled in the art will appreciate that amino acid changes may 
alter post-translational processes of the PRO, such as changing the number or position of 
glycosylation sites or altering the membrane anchoring characteristics. 

[0247] Variations in the native full-length sequence PRO or in various domains of 
the PRO described herein, can be made, for example, using any of the techniques and 
guidelines for conservative and non-conservative mutations set forth, for instance, in U.S. 
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Patent No. 5,364,934. Variations may be a substitution, deletion or insertion of one or more 
codons encoding the PRO that results in a change in the amino acid sequence of the PRO as 
compared with the native sequence PRO. Optionally the variation is by substitution of at least 
one amino acid with any other amino acid in one or more of the domains of the PRO. Guidance 
in determining which amino acid residue may be inserted, substituted or deleted without 
adversely affecting the desired activity may be found by comparing the sequence of the PRO 
with that of homologous known protein molecules and minimizing the number of amino acid 
sequence changes made in regions of high homology. Amino acid substitutions can be the 
result of replacing one amino acid with another amino acid having similar structural and/or 
chemical properties, such as the replacement of a leucine with a serine, i.e., conservative amino 
acid replacements. Insertions or deletions may optionally be in the range of about 1 to 5 amino 
acids. The variation allowed maybe determined by systematically making insertions, deletions 
or substitutions of amino acids in the sequence and testing the resulting variants for activity 
exhibited by the full-length or mature native sequence. 

[0248] PRO polypeptide fragments are provided herein. Such fragments may be 
truncated at the N-terminus or C-terminus, or may lack internal residues, for example, when 
compared with a full length native protein. Certain fragments lack amino acid residues that are 
not essential for a desired biological activity of the PRO polypeptide. 

[0249] PRO fragments may be prepared by any of a number of conventional 
techniques. Desired peptide fragments may be chemically synthesized. An alternative 
approach involves generating PRO fragments by enzymatic digestion, e.g., by treating the 
protein with an enzyme known to cleave proteins at sites defined by particular amino acid 
residues, or by digesting the DNA with suitable restriction enzymes and isolating the desired 
fragment. Yet another suitable technique involves isolating and amplifying a DNA fragment 
encoding a desired polypeptide fragment, by polymerase chain reaction (PCR). 
Oligonucleotides that define the desired termini of the DNA fragment are employed at the 5' 
and 3' primers in the PCR. Preferably, PRO polypeptide fragments share at least one 
biological and/or immunological activity with the native PRO polypeptide disclosed herein. 

[0250] In particular embodiments, conservative substitutions of interest are shown 
in Table 6 under the heading of preferred substitutions. If such substitutions result in a change 
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in biological activity, then more substantial changes, denominated exemplary substitutions in 
Table 6, or as further described below in reference to amino acid classes, are introduced and the 
products screened. 



Table 6 



Original 
Residue 


Exemplary 
Substitutions 


Preferred 
Substitutions 


Ala (A) 


val; leu; ile 


val 


Arg(R) 


lys; gin; asn 


lys 


Asn (N) 


gin; his; lys; arg 


gin 


Asp (D) 


giu 


giu 


Cys (C) 


ser 


ser 


Gin (Q) 


asn 


asn 


Giu (E) 


asp 


asp 


Gly(G) 


pro; ala 


ala 


His (H) 


asn; gin; lys; arg 


arg 


lle(l) 


leu; val; met; ala; phe; norleucine 


leu 


Leu (L) 


norleucine; ile; val; met; ala; phe 


ile 


Lys (K) 


arg; gin; asn 


arg 


Met (M) 


leu; phe; ile 


leu 


Phe (F) 


leu; val; ile; ala; tyr 


leu 


Pro (P) 


ala 


ala 


Ser (S) 


thr 


thr 


Thr(T) 


ser 


ser 


Trp (W) 


tyr; phe 


tyr 


Tyr(Y) 


trp; phe; thr; ser 


phe 


Val (V) 


ile; leu; met; phe; ala; norleucine 


leu 



[0251] Substantial modifications in function or immunological identity of the PRO 
polypeptide are accomplished by selecting substitutions that differ significantly in their effect 
on maintaining (a) the structure of the polypeptide backbone in the area of the substitution, for 
example, as a sheet or helical conformation, (b) the charge or hydrophobicity of the molecule 
at the target site, or (c) the bulk of the side chain. Naturally occurring residues are divided into 
groups based on common side-chain properties: 

(1) hydrophobic: norleucine, met, ala, val, leu, ile; 

(2) neutral hydrophilic: cys, ser, thr; 

(3) acidic: asp, giu; 

(4) basic: asn, gin, his, lys, arg; 
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(5) residues that influence chain orientation: gly 5 pro; and 

(6) aromatic: tip, tyr, phe. 

[0252] Non-conservative substitutions will entail exchanging a member of one of 
these classes for another class. Such substituted residues also may be introduced into the 
conservative substitution sites or, more preferably, into the remaining (non-conserved) sites. 

[0253] The variations can be made using methods known in the art such as 
oligonucleotide-mediated (site-directed) mutagenesis, alanine scanning, and PCR 
mutagenesis. Site-directed mutagenesis [Carter et al., Nucl. Acids Res. . 13:4331 (1986); 
Zoller et al., Nucl. Acids Res. , 10:6487 (1987)], cassette mutagenesis [Wells et al., Gene . 
34:315 (1985)], restriction selection mutagenesis [Wells et al., Philos. Trans. R. Soc. London 
SerA, 317:415 (1986)] or other known techniques can be performed on the cloned DNA to 
produce the PRO variant DNA. 

[0254] Scanning amino acid analysis can also be employed to identify one or more 
amino acids along a contiguous sequence. Among the preferred scanning amino acids are 
relatively small, neutral amino acids. Such amino acids include alanine, glycine, serine, and 
cysteine. Alanine is typically a preferred scanning amino acid among this group because it 
eliminates the side-chain beyond the beta-carbon and is less likely to alter the main-chain 
conformation of the variant [Cunningham and Wells, Science . 244 : 1081-1085 (1989)]. 
Alanine is also typically preferred because it is the most common amino acid. Further, it is 
frequently found in both buried and exposed positions [Creighton, The Proteins . (W.H. 
Freeman & Co., N.Y.); Chothia, J. Mol. Biol. . 150 :1 (1976)]. If alanine substitution does not 
yield adequate amounts of variant, an isoteric amino acid can be used. 

C. Modifications of PRO 

[0255] Covalent modifications of PRO are included within the scope of this 
invention. One type of covalent modification includes reacting targeted amino acid residues of 
a PRO polypeptide with an organic derivatizing agent that is capable of reacting with selected 
side chains or the N- or C- terminal residues of the PRO. Derivatization with bifunctional 
agents is useful, for instance, for crosslinking PRO to a water-insoluble support matrix or 
surface for use in the method for purifying anti-PRO antibodies, and vice- versa. Commonly 
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used crosslinking agents include, e.g., l,l-bis(diazoacetyl)-2-phenylethane, glutaraldehyde, 
N-hydroxysuccinimide esters, for example, esters with 4-azidosalicylic acid, homobifunctional 
imidoesters, including disuccinimidyl esters such as 3,3'-dithiobis(succinimidylpropionate), 
Afunctional maleimides such as bis-N-maleimido-l,8-octane and agents such as 
methyl-3-[(p-azidophenyl)dithio]propioimidate. 

[0256] Other modifications include deamidation of glutaminyl and asparaginyl 
residues to the corresponding glutamyl and aspartyl residues, respectively, hydroxylation of 
proline and lysine, phosphorylation of hydroxyl groups of seryl or threonyl residues, 
methylation of the a-amino groups of lysine, arginine, and histidine side chains [T.E. 
Creighton, Proteins: Structure and Molecular Properties . W.H. Freeman & Co., San Francisco, 
pp. 79-86 (1983)], acetylation of the N-terminal amine, and amidation of any C-terminal 
carboxyl group. 

[0257] Another type of covalent modification of the PRO polypeptide included 
within the scope of this invention comprises altering the native glycosylation pattern of the 
polypeptide. "Altering the native glycosylation pattern" is intended for purposes herein to 
mean deleting one or more carbohydrate moieties found in native sequence PRO (either by 
removing the underlying glycosylation site or by deleting the glycosylation by chemical and/or 
enzymatic means), and/or adding one or more glycosylation sites that are not present in the 
native sequence PRO. In addition, the phrase includes qualitative changes in the glycosylation 
of the native proteins, involving a change in the nature and proportions of the various 
carbohydrate moieties present. 

[0258] Addition of glycosylation sites to the PRO polypeptide may be 
accomplished by altering the amino acid sequence. The alteration may be made, for example, 
by the addition of, or substitution by, one or more serine or threonine residues to the native 
sequence PRO (for O-linked glycosylation sites). The PRO amino acid sequence may 
optionally be altered through changes at the DNA level, particularly by mutating the DNA 
encoding the PRO polypeptide at preselected bases such that codons are generated that will 
translate into the desired amino acids. 

[0259] Another means of increasing the number of carbohydrate moieties on the 
PRO polypeptide is by chemical or enzymatic coupling of glycosides to the polypeptide. Such 
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methods are described in the art, e.g., in WO 87/05330 published 1 1 September 1987, and in 
Aplin and Wriston, CRC Crit. Rev. Biochem. . pp. 259-306 (1981). 

[0260] Removal of carbohydrate moieties present on the PRO polypeptide may be 
accomplished chemically or enzymatically or by mutational substitution of codons encoding 
for amino acid residues that serve as targets for glycosylation. Chemical deglycosylation 
techniques are known in the art and described, for instance, by Hakimuddin, et al., Arch. 
Biochem. Biophvs. . 259:52 (1987) and by Edge et al., Anal. Biochem. . 118:131 (1981). 
Enzymatic cleavage of carbohydrate moieties on polypeptides can be achieved by the use of a 
variety of endo- and exo-glycosidases as described by Thotakura et al., Meth. Enzvmol. . 
138:350(1987). 

[0261] Another type of covalent modification of PRO comprises linking the PRO 
polypeptide to one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol (PEG), 
polypropylene glycol, or polyoxyalkylenes, in the manner set forth in U.S. Patent Nos. 
4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 or 4,179,337. 

[0262] The PRO of the present invention may also be modified in a way to form a 
chimeric molecule comprising PRO fused to another, heterologous polypeptide or amino acid 
sequence. 

[0263] In one embodiment, such a chimeric molecule comprises a fusion of the 
PRO with a tag polypeptide which provides an epitope to which an anti-tag antibody can 
selectively bind. The epitope tag is generally placed at the amino- or carboxyl- terminus of the 
PRO. The presence of such epitope-tagged forms of the PRO can be detected using an 
antibody against the tag polypeptide. Also, provision of the epitope tag enables the PRO to be 
readily purified by affinity purification using an anti-tag antibody or another type of affinity 
matrix that binds to the epitope tag. Various tag polypeptides and their respective antibodies 
are well known in the art. Examples include poly-histidine (poly-his) or poly-histidine-glycine 
(poly-his-gly) tags; the flu HA tag polypeptide and its antibody 12CA5 [Field et al., Mol. Cell. 
Biol. . 8:2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 and 9E10 
antibodies thereto [Evan et al., Molecular and Cellular Biology . 5:3610-3616 (1985)]; and the 
Herpes Simplex virus glycoprotein D (gD) tag and its antibody [Paborsky et al., Protein 
Engineering , 3(6):547-553 (1990)]. Other tag polypeptides include the Flag-peptide [Hopp et 
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al., BioTechnology, 6:1204-1210 (1988)]; the KT3 epitope peptide [Martin et al., Science . 
255:192-194 (1992)]; an a-tubulin epitope peptide [Skinner et al., J. Biol. Chem. . 
266:15163-15166 (1991)]; and the T7 gene 10 protein peptide tag [Lutz-Freyermuth et al, 
Proc. Natl. Acad. Sci. USA . 87:6393-6397 (1990)]. 

[0264] In an alternative embodiment, the chimeric molecule may comprise a fusion 
of the PRO with an immunoglobulin or a particular region of an immunoglobulin. For a 
bivalent form of the chimeric molecule (also referred to as an "immunoadhesin"), such a fusion 
could be to the Fc region of an IgG molecule. The Ig fusions preferably include the substitution 
of a soluble (transmembrane domain deleted or inactivated) form of a PRO polypeptide in 
place of at least one variable region within an Ig molecule. In a particularly preferred 
embodiment, the immunoglobulin fusion includes the hinge, CH2 and CH3, or the hinge, CHI , 
CH2 and CH3 regions of an IgGl molecule. For the production of immunoglobulin fusions see 
also US Patent No. 5,428,130 issued June 27, 1995. 

D. Preparation of PRO 

[0265] The description below relates primarily to production of PRO by culturing 
cells transformed or transfected with a vector containing PRO nucleic acid. It is, of course, 
contemplated that alternative methods, which are well known in the art, may be employed to 
prepare PRO. For instance, the PRO sequence, or portions thereof, may be produced by direct 
peptide synthesis using solid-phase techniques [see, e.g., Stewart et al, Solid-Phase Peptide 
Synthesis . W.H. Freeman Co., San Francisco, CA (1969); Merrifield, J. Am. Chem. Soc . 
85:2149-2154 (1963)]. In vitro protein synthesis may be performed using manual techniques 
or by automation. Automated synthesis may be accomplished, for instance, using an Applied 
Biosystems Peptide Synthesizer (Foster City, CA) using manufacturer's instructions. Various 
portions of the PRO may be chemically synthesized separately and combined using chemical 
or enzymatic methods to produce the full-length PRO. 

1. Isolation of DNA Encodine PRO 
[0266] DNA encoding PRO may be obtained from a cDNA library prepared from 
tissue believed to possess the PRO mRNA and to express it at a detectable level. Accordingly, 



-66- 



human PRO DNA can be conveniently obtained from a cDNA library prepared from human 
tissue, such as described in the Examples. The PRO-encoding gene may also be obtained from 
a genomic library or by known synthetic procedures (e.g., automated nucleic acid synthesis). 

[0267] Libraries can be screened with probes (such as antibodies to the PRO or 
oligonucleotides of at least about 20-80 bases) designed to identify the gene of interest or the 
protein encoded by it. Screening the cDNA or genomic library with the selected probe may be 
conducted using standard procedures, such as described in Sambrook et aL, Molecular 
Cloning: A Laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 1989). An 
alternative means to isolate the gene encoding PRO is to use PCR methodology [Sambrook et 
al., supra : Dieffenbach et al., PCR Primer: A Laboratory Manual (Cold Spring Harbor 
Laboratory Press, 1995)]. 

[0268] The Examples below describe techniques for screening a cDNA library. 
The oligonucleotide sequences selected as probes should be of sufficient length and 
sufficiently unambiguous that false positives are minimized. The oligonucleotide is preferably 
labeled such that it can be detected upon hybridization to DNA in the library being screened. 
Methods of labeling are well known in the art, and include the use of radiolabels like 
P-labeled ATP, biotinylation or enzyme labeling. Hybridization conditions, including 
moderate stringency and high stringency, are provided in Sambrook et al., supra . 

[0269] Sequences identified in such library screening methods can be compared 
and aligned to other known sequences deposited and available in public databases such as 
GenBank or other private sequence databases. Sequence identity (at either the amino acid or 
nucleotide level) within defined regions of the molecule or across the full-length sequence can 
be determined using methods known in the art and as described herein. 

[0270] Nucleic acid having protein coding sequence may be obtained by screening 
selected cDNA or genomic libraries using the deduced amino acid sequence disclosed herein 
for the first time, and, if necessary, using conventional primer extension procedures as 
described in Sambrook et al., supra , to detect precursors and processing intermediates of 
mRNA that may not have been reverse-transcribed into cDNA. 
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2. Selection and Transformation of Host Cells 

[0271] Host cells are transfected or transformed with expression or cloning vectors 
described herein for PRO production and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting transformants, or amplifying the genes encoding 
the desired sequences. The culture conditions, such as media, temperature, pH and the like, can 
be selected by the skilled artisan without undue experimentation. In general, principles, 
protocols, and practical techniques for maximizing the productivity of cell cultures can be 
found in Mammalian Cell Biotechnology: a Practical Approach , M. Butler, ed. (IRL Press, 
1991) and Sambrook et al., supra . 

[0272] Methods of eukaryotic cell transfection and prokaryotic cell transformation 
are known to the ordinarily skilled artisan, for example, CaCl 2 , CaP0 4 , liposome-mediated and 
electroporation. Depending on the host cell used, transformation is performed using standard 
techniques appropriate to such cells. The calcium treatment employing calcium chloride, as 
described in Sambrook et al., supra , or electroporation is generally used for prokaryotes. 
Infection with Agrobacterium tumefaciens is used for transformation of certain plant cells, as 
described by Shaw et al., Gene . 23 :3 1 5 (1 983) and WO 89/05859 published 29 June 1 989. For 
mammalian cells without such cell walls, the calcium phosphate precipitation method of 
Graham and van der Eb, Virology , 52:456-457 (1978) can be employed. General aspects of 
mammalian cell host system transfections have been described in U.S. Patent No. 4,399,216. 
Transformations into yeast are typically carried out according to the method of Van Solingen 
et al., J. BacU 130:946 (1977) and Hsiao et al., Proc. Natl. Acad. Sci. (USA) , 76:3829 (1979). 
However, other methods for introducing DNA into cells, such as by nuclear microinjection, 
electroporation, bacterial protoplast fusion with intact cells, or polycations, e.g., polybrene, 
polyornithine, may also be used. For various techniques for transforming mammalian cells, see 
Keown et al., Methods in Enzymology , 185:527-537 (1990) and Mansour et al., Nature , 
336:348-352 (1988). 

[0273] Suitable host cells for cloning or expressing the DNA in the vectors herein 
include prokaryote, yeast, or higher eukaryote cells. Suitable prokaryotes include but are not 
limited to eubacteria, such as Gram-negative or Gram-positive organisms, for example, 
Enterobacteriaceae such as E. coli. Various E. coli strains are publicly available, such as E. coli 
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K12 strain MM294 (ATCC 31,446); E. coli XI 776 (ATCC 31,537); E. coli strain W3110 
(ATCC 27,325) and K5 772 (ATCC 53,635). Other suitable prokaryotic host cells include 
Enterobacteriaceae such as Escherichia, e.g., E. coli, Enter obacter, Erwinia, Klebsiella, 
Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and 
Shigella, as well as Bacilli such as B. subtilis and B. licheniformis (e.g., B. licheniformis 41 P 
disclosed in DD 266,710 published 12 April 1989), Pseudomonas such as P. aeruginosa, and 
Streptomyces. These examples are illustrative rather than limiting. Strain W3110 is one 
particularly preferred host or parent host because it is a common host strain for recombinant 
DNA product fermentations. Preferably, the host cell secretes minimal amounts of proteolytic 
enzymes. For example, strain W3110 may be modified to effect a genetic mutation in the 
genes encoding proteins endogenous to the host, with examples of such hosts including E. coli 
W31 10 strain 1 A2, which has the complete genotype tonA ; E. coli W31 10 strain 9E4, which 
has the complete genotype tonA ptr3; E. coli W31 10 strain 27C7 (ATCC 55,244), which has 
the complete genotype tonA ptr3 phoA El 5 (argF-lac)169 degP ompT kan r ; E. coli W3110 
strain 37D6, which has the complete genotype tonAptriphoA El 5 (argF-lac)169 degP ompT 
rbs7 ilvG kan r ; E. coli W3110 strain 40B4, which is strain 37D6 with a non-kanamycin 
resistant degP deletion mutation; and an E. coli strain having mutant periplasmic protease 
disclosed in U.S. Patent No. 4,946,783 issued 7 August 1990. Alternatively, in vitro methods 
of cloning, e.g., PCR or other nucleic acid polymerase reactions, are suitable. 

[0274] In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or 
yeast are suitable cloning or expression hosts for PRO-encoding vectors. Saccharomyces 
cerevisiae is a commonly used lower eukaryotic host microorganism. Others include 
Schizosaccharomyces pombe (Beach and Nurse, Nature, 290: 140 [1981]; EP 139,383 
published 2 May 1985); Kluyveromyces hosts (U.S. Patent No. 4,943,529; Fleer et ah, 
Bio/Technology , 9:968-975 (1991)) such as, e.g., K. lactis (MW98-8C, CBS683, CBS4574; 
Louvencourt et al., J. BactgrioL , 154(2):737-742 [1983]), K, fragilis (ATCC 12,424), K. 
bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC 56,500), K. 
drosophilarum (ATCC 36,906; Van den Berg et al., Bio/Technology , 8:135 (1990)), K. 
thermotolerans, and K. marxianus; yarrowia (EP 402,226); Pichia pastoris (EP 183,070; 
Sreekrishna et al., J. Basic Microbiol. . 28:265-278 [1988]); Candida; Trichoderma reesia (EP 
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244,234); Neurospora crassa (Case et al., Proc. Natl. Acad. Sci. USA , 76:5259-5263 [1979]); 
Schwanniomyces such as Schwanniomyces occidentalis (EP 394,538 published 31 October 
1990); and filamentous fungi such as, e.g., Neurospora, Penicillium, Tolypocladium (WO 
91/00357 published 10 January 1991), and Aspergillus hosts such as A. nidulans (Ballance et 
al., Biochem. Biophvs. Res. Commun. . 112:284-289 [1983]; Tilburn et al., Gene , 26:205-221 
[1983]; Yelton et al., Proc. Natl Acad. Sci. USA . 81: 1470-1474 [1984]) and A niger (Kelly 
and Hynes, EMBO J. , 4:475-479 [1985]). Methylotropic yeasts are suitable herein and include, 
but are not limited to, yeast capable of growth on methanol selected from the genera consisting 
of Hansenula, Candida, Kloeckera t Pichia, Saccharomyces, Torulopsis, and Rhodotorula. A 
list of specific species that are exemplary of this class of yeasts may be found in C. Anthony, 
The Biochemistry of Methvlotrophs . 269 (1982). 

[0275] Suitable host cells for the expression of glycosylated PRO are derived from 
multicellular organisms. Examples of invertebrate cells include insect cells such as Drosophila 
S2 and Spodoptera Sf9, as well as plant cells. Examples of useful mammalian host cell lines 
include Chinese hamster ovary (CHO) and COS cells. More specific examples include 
monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic 
kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham et al., J. Gen 
Virol. . 36:59 (1977)); Chinese hamster ovary cells/-DHFR (CHO, Urlaub and Chasin, Proc. 
Natl. Acad. Sci. USA . 77:4216 (1980)); mouse Sertoli cells (TM4, Mather, Biol. Reprod. . 
23:243-251 (1980)); human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 
8065); and mouse mammary tumor (MMT 060562, ATCC CCL51). The selection of the 
appropriate host cell is deemed to be within the skill in the art. 

3. Selection and Use of a Replicable Vector 
[0276] The nucleic acid (e.g., cDNA or genomic DNA) encoding PRO may be 
inserted into a replicable vector for cloning (amplification of the DNA) or for expression. 
Various vectors are publicly available. The vector may, for example, be in the form of a 
plasmid, cosmid, viral particle, or phage. The appropriate nucleic acid sequence may be 
inserted into the vector by a variety of procedures. In general, DNA is inserted into an 
appropriate restriction endonuclease site(s) using techniques known in the art. Vector 
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components generally include, but are not limited to, one or more of a signal sequence, an 
origin of replication, one or more marker genes, an enhancer element, a promoter, and a 
transcription termination sequence. Construction of suitable vectors containing one or more of 
these components employs standard ligation techniques which are known to the skilled artisan. 

[0277] The PRO may be produced recombinantly not only directly, but also as a 
fusion polypeptide with a heterologous polypeptide, which may be a signal sequence or other 
polypeptide having a specific cleavage site at the N-terminus of the mature protein or 
polypeptide. In general, the signal sequence may be a component of the vector, or it may be a 
part of the PRO-encoding DNA that is inserted into the vector. The signal sequence may be a 
prokaryotic signal sequence selected, for example, from the group of the alkaline phosphatase, 
penicillinase, lpp, or heat-stable enterotoxin II leaders. For yeast secretion the signal sequence 
may be, e.g., the yeast invertase leader, alpha factor leader (including Saccharomyces and 
Kluyveromyces a-factor leaders, the latter described in U.S. Patent No. 5,010,182), or acid 
phosphatase leader, the C albicans glucoamylase leader (EP 362,179 published 4 April 1990), 
or the signal described in WO 90/13646 published 15 November 1990. In mammalian cell 
expression, mammalian signal sequences may be used to direct secretion of the protein, such 
as signal sequences from secreted polypeptides of the same or related species, as well as viral 
secretory leaders. 

[0278] Both expression and cloning vectors contain a nucleic acid sequence that 
enables the vector to replicate in one or more selected host cells. Such sequences are well 
known for a variety of bacteria, yeast, and viruses. The origin of replication from the plasmid 
pBR322 is suitable for most Gram-negative bacteria, the 2\i plasmid origin is suitable for yeast, 
and various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are useful for cloning 
vectors in mammalian cells. 

[0279] Expression and cloning vectors will typically contain a selection gene, also 
termed a selectable marker. Typical selection genes encode proteins that (a) confer resistance 
to antibiotics or other toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) 
complement auxotrophic deficiencies, or (c) supply critical nutrients not available from 
complex media, e.g., the gene encoding D-alanine racemase for Bacilli. 
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[0280] An example of suitable selectable markers for mammalian cells are those 
that enable the identification of cells competent to take up the PRO-encoding nucleic acid, such 
as DHFR or thymidine kinase. An appropriate host cell when wild-type DHFR is employed is 
the CHO cell line deficient in DHFR activity, prepared and propagated as described by Urlaub 
et al., Proc. Natl. Acad. Sci. USA . 77:4216 (1980). A suitable selection gene for use in yeast 
is the trp\ gene present in the yeast plasmid YRp7 [Stinchcomb et al., Nature . 282:39 (1979); 
Kingsman et al, Gene . 7:141 (1979); Tschemper et al., Gene . 10:157 (1980)]. The trp\ gene 
provides a selection marker for a mutant strain of yeast lacking the ability to grow in 
tryptophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics . 85:12 (1977)]. 

[0281] Expression and cloning vectors usually contain a promoter operably linked 
to the PRO-encoding nucleic acid sequence to direct mRNA synthesis. Promoters recognized 
by a variety of potential host cells are well known. Promoters suitable for use with prokaryotic 
hosts include the fl-lactamase and lactose promoter systems [Chang et al., Nature . 275:615 
(1978); Goeddel et al., Nature . 281:544 (1979)], alkaline phosphatase, a tryptophan (trp) 
promoter system [Goeddel, Nucleic Acids Res. . 8:4057 (1980); EP 36,776], and hybrid 
promoters such as the tac promoter [deBoer et al., Proc. Natl. Acad. Sci. USA . 80:21-25 
(1983)]. Promoters for use in bacterial systems also will contain a Shine-Dalgarno (S.D.) 
sequence operably linked to the DNA encoding PRO. 

[0282] Examples of suitable promoting sequences for use with yeast hosts include 
the promoters for 3-phosphoglycerate kinase [Hitzeman et al., J. Biol. Chem. . 255:2073 
(1980)] or other glycolytic enzymes [Hess et al., J. Adv. Enzyme Reg. . 7:149 (1968); Holland, 
Biochemistry . 17:4900 (1978)], such as enolase, glyceraldehyde-3-phosphate dehydrogenase, 
hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 
3-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose 
isomerase, and glucokinase. 

[0283] Other yeast promoters, which are inducible promoters having the additional 
advantage of transcription controlled by growth conditions, are the promoter regions for 
alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes associated 
with nitrogen metabolism, metallothionein, glyceraldehyde-3 -phosphate dehydrogenase, and 
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enzymes responsible for maltose and galactose utilization. Suitable vectors and promoters for 
use in yeast expression are further described in EP 73,657. 

[0284] PRO transcription from vectors in mammalian host cells is controlled, for 
example, by promoters obtained from the genomes of viruses such as polyoma virus, fowlpox 
virus (UK 2,211,504 published 5 July 1989), adenovirus (such as Adenovirus 2), bovine 
papilloma virus, avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virus and 
Simian Virus 40 (SV40), from heterologous mammalian promoters, e.g., the actin promoter or 
an immunoglobulin promoter, and from heat-shock promoters, provided such promoters are 
compatible with the host cell systems. 

[0285] Transcription of a DNA encoding the PRO by higher eukaryotes may be 
increased by inserting an enhancer sequence into the vector. Enhancers are cis-acting elements 
of DNA, usually about from 10 to 300 bp, that act on a promoter to increase its transcription. 
Many enhancer sequences are now known from mammalian genes (globin, elastase, albumin, 
a -fetoprotein, and insulin). Typically, however, one will use an enhancer from a eukaryotic 
cell virus. Examples include the SV40 enhancer on the late side of the replication origin (bp 
100-270), the cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side 
of the replication origin, and adenovirus enhancers. The enhancer may be spliced into the 
vector at a position 5' or 3' to the PRO coding sequence, but is preferably located at a site 5' 
from the promoter. 

[0286] Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, 
animal, human, or nucleated cells from other multicellular organisms) will also contain 
sequences necessary for the termination of transcription and for stabilizing the mRNA. Such 
sequences are commonly available from the 5' and, occasionally 3', untranslated regions of 
eukaryotic or viral DNAs or cDNAs. These regions contain nucleotide segments transcribed 
as polyadenylated fragments in the untranslated portion of the mRNA encoding PRO. 

[0287] Still other methods, vectors, and host cells suitable for adaptation to the 
synthesis of PRO in recombinant vertebrate cell culture are described in Gething et al., Nature , 
293:620-625 (1981); Mantei et al., Nature . 281:40-46 (1979); EP 117,060; and EP 117,058. 
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4. Detecting Gene Amplification/Expression 

[0288] Gene amplification and/or expression may be measured in a sample 
directly, for example, by conventional Southern blotting, Northern blotting to quantitate the 
transcription of mRNA [Thomas, Proc. Natl. Acad. Sci. USA , 77:5201-5205 (1980)], dot 
blotting (DNA analysis), or in situ hybridization, using an appropriately labeled probe, based 
on the sequences provided herein. Alternatively, antibodies may be employed that can 
recognize specific duplexes, including DNA duplexes, RNA duplexes, and DNA-RNA hybrid 
duplexes or DNA-protein duplexes. The antibodies in turn may be labeled and the assay may 
be carried out where the duplex is bound to a surface, so that upon the formation of duplex on 
the surface, the presence of antibody bound to the duplex can be detected. 

[0289] Gene expression, alternatively, may be measured by immunological 
methods, such as immunohistochemical staining of cells or tissue sections and assay of cell 
culture or body fluids, to quantitate directly the expression of gene product. Antibodies useful 
for immunohistochemical staining and/or assay of sample fluids may be either monoclonal or 
polyclonal, and may be prepared in any mammal. Conveniently, the antibodies may be 
prepared against a native sequence PRO polypeptide or against a synthetic peptide based on the 
DNA sequences provided herein or against exogenous sequence fused to PRO DNA and 
encoding a specific antibody epitope. 

5. Purification of Polypeptide 

[0290] Forms of PRO may be recovered from culture medium or from host cell 
lysates. If membrane-bound, it can be released from the membrane using a suitable detergent 
solution (e.g. Triton-X 100) or by enzymatic cleavage. Cells employed in expression of PRO 
can be disrupted by various physical or chemical means, such as freeze-thaw cycling, 
sonication, mechanical disruption, or cell lysing agents. 

[0291] It may be desired to purify PRO from recombinant cell proteins or 
polypeptides. The following procedures are exemplary of suitable purification procedures: by 
fractionation on an ion-exchange column; ethanol precipitation; reverse phase HPLC; 
chromatography on silica or on a cation-exchange resin such as DEAE; chromatofocusing; 
SDS-PAGE; ammonium sulfate precipitation; gel filtration using, for example, Sephadex 
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G-75; protein A Sepharose columns to remove contaminants such as IgG; and metal chelating 
columns to bind epitope-tagged forms of the PRO. Various methods of protein purification 
may be employed and such methods are known in the art and described for example in 
Deutscher, Methods in Enzvmologv . 182 (1990); Scopes, Protein Purification: Principles and 
Practice , Springer- Verlag, New York (1982). The purification step(s) selected will depend, for 
example, on the nature of the production process used and the particular PRO produced. 

E. Uses for PRO 

[0292] Nucleotide sequences (or their complement) encoding PRO have various 
applications in the art of molecular biology, including uses as hybridization probes, in 
chromosome and gene mapping and in the generation of anti-sense RNA and DNA. PRO 
nucleic acid will also be useful for the preparation of PRO polypeptides by the recombinant 
techniques described herein. 

[0293] The full-length native sequence PRO gene, or portions thereof, may be used 
as hybridization probes for a cDNA library to isolate the full-length PRO cDNA or to isolate 
still other cDNAs (for instance, those encoding naturally-occurring variants of PRO or PRO 
from other species) which have a desired sequence identity to the native PRO sequence 
disclosed herein. Optionally, the length of the probes will be about 20 to about 50 bases. The 
hybridization probes may be derived from at least partially novel regions of the full length 
native nucleotide sequence wherein those regions may be determined without undue 
experimentation or from genomic sequences including promoters, enhancer elements and 
introns of native sequence PRO. By way of example, a screening method will comprise 
isolating the coding region of the PRO gene using the known DNA sequence to synthesize a 
selected probe of about 40 bases. Hybridization probes may be labeled by a variety of labels, 
including radionucleotides such as 32 P or 35 S, or enzymatic labels such as alkaline phosphatase 
coupled to the probe via avidin/biotin coupling systems. Labeled probes having a sequence 
complementary to that of the PRO gene of the present invention can be used to screen libraries 
of human cDNA, genomic DNA or mRNA to determine which members of such libraries the 
probe hybridizes to. Hybridization techniques are described in further detail in the Examples 
below. 
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[0294] Any EST sequences disclosed in the present application may similarly be 
employed as probes, using the methods disclosed herein. 

[0295] Other useful fragments of the PRO nucleic acids include antisense or sense 
oligonucleotides comprising a singe-stranded nucleic acid sequence (either RNA or DNA) 
capable of binding to target PRO mRNA (sense) or PRO DNA (antisense) sequences. 
Antisense or sense oligonucleotides, according to the present invention, comprise a fragment 
of the coding region of PRO DNA. Such a fragment generally comprises at least about 14 
nucleotides, preferably from about 14 to 30 nucleotides. The ability to derive an antisense or 
a sense oligonucleotide, based upon a cDNA sequence encoding a given protein is described in, 
for example, Stein and Cohen ( Cancer Res. 48:2659, 1988) and van der Krol et al. 
(BioTechniques 6:958, 1988). 

[0296] Binding of antisense or sense oligonucleotides to target nucleic acid 
sequences results in the formation of duplexes that block transcription or translation of the 
target sequence by one of several means, including enhanced degradation of the duplexes, 
premature termination of transcription or translation, or by other means. The antisense 
oligonucleotides thus may be used to block expression of PRO proteins. Antisense or sense 
oligonucleotides further comprise oligonucleotides having modified sugar-phosphodiester 
backbones (or other sugar linkages, such as those described in WO 91/06629) and wherein 
such sugar linkages are resistant to endogenous nucleases. Such oligonucleotides with 
resistant sugar linkages are stable in vivo (i.e., capable of resisting enzymatic degradation) but 
retain sequence specificity to be able to bind to target nucleotide sequences. 

[0297] Other examples of sense or antisense oligonucleotides include those 
oligonucleotides which are covalently linked to organic moieties, such as those described in 
WO 90/10048, and other moieties that increases affinity of the oligonucleotide for a target 
nucleic acid sequence, such as poly-(L-lysine). Further still, intercalating agents, such as 
ellipticine, and alkylating agents or metal complexes may be attached to sense or antisense 
oligonucleotides to modify binding specificities of the antisense or sense oligonucleotide for 
the target nucleotide sequence. 

[0298] Antisense or sense oligonucleotides may be introduced into a cell 
containing the target nucleic acid sequence by any gene transfer method, including, for 
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example, CaPCVmediated DNA transfection, electroporation, or by using gene transfer 
vectors such as Epstein-Barr virus. In a preferred procedure, an antisense or sense 
oligonucleotide is inserted into a suitable retroviral vector. A cell containing the target nucleic 
acid sequence is contacted with the recombinant retroviral vector, either in vivo or ex vivo. 
Suitable retroviral vectors include, but are not limited to, those derived from the murine 
retrovirus M-MuLV, N2 (a retrovirus derived from M-MuLV), or the double copy vectors 
designated DCT5A, DCT5B and DCT5C (see WO 90/13641). 

[0299] Sense or antisense oligonucleotides also may be introduced into a cell 
containing the target nucleotide sequence by formation of a conjugate with a ligand binding 
molecule, as described in WO 91/04753. Suitable ligand binding molecules include, but are 
not limited to, cell surface receptors, growth factors, other cytokines, or other ligands that bind 
to cell surface receptors. Preferably, conjugation of the ligand binding molecule does not 
substantially interfere with the ability of the ligand binding molecule to bind to its 
corresponding molecule or receptor, or block entry of the sense or antisense oligonucleotide or 
its conjugated version into the cell. 

[0300] Alternatively, a sense or an antisense oligonucleotide may be introduced 
into a cell containing the target nucleic acid sequence by formation of an oligonucleotide-lipid 
complex, as described in WO 90/10448. The sense or antisense oligonucleotide-lipid complex 
is preferably dissociated within the cell by an endogenous lipase. 

[0301] Antisense or sense RNA or DNA molecules are generally at least about 5 
bases in length, about 10 bases in length, about 15 bases in length, about 20 bases in length, 
about 25 bases in length, about 30 bases in length, about 35 bases in length, about 40 bases in 
length, about 45 bases in length, about 50 bases in length, about 55 bases in length, about 60 
bases in length, about 65 bases in length, about 70 bases in length, about 75 bases in length, 
about 80 bases in length, about 85 bases in length, about 90 bases in length, about 95 bases in 
length, about 100 bases in length, or more. 

[0302] The probes may also be employed in PCR techniques to generate a pool of 
sequences for identification of closely related PRO coding sequences. 

[0303] Nucleotide sequences encoding a PRO can also be used to construct 
hybridization probes for mapping the gene which encodes that PRO and for the genetic analysis 
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of individuals with genetic disorders. The nucleotide sequences provided herein may be 
mapped to a chromosome and specific regions of a chromosome using known techniques, such 
as in situ hybridization, linkage analysis against known chromosomal markers, and 
hybridization screening with libraries. 

[0304] When the coding sequences for PRO encode a protein which binds to 
another protein (example, where the PRO is a receptor), the PRO can be used in assays to 
identify the other proteins or molecules involved in the binding interaction. By such methods, 
inhibitors of the receptor/ligand binding interaction can be identified. Proteins involved in 
such binding interactions can also be used to screen for peptide or small molecule inhibitors or 
agonists of the binding interaction. Also, the receptor PRO can be used to isolate correlative 
ligand(s). Screening assays can be designed to find lead compounds that mimic the biological 
activity of a native PRO or a receptor for PRO. Such screening assays will include assays 
amenable to high-throughput screening of chemical libraries, making them particularly 
suitable for identifying small molecule drug candidates. Small molecules contemplated 
include synthetic organic or inorganic compounds. The assays can be performed in a variety 
of formats, including protein-protein binding assays, biochemical screening assays, 
immunoassays and cell based assays, which are well characterized in the art. 

[0305] Nucleic acids which encode PRO or its modified forms can also be used to 
generate either transgenic animals or "knock out" animals which, in turn, are useful in the 
development and screening of therapeutically useful reagents. A transgenic animal (e.g., a 
mouse or rat) is an animal having cells that contain a transgene, which transgene was 
introduced into the animal or an ancestor of the animal at a prenatal, e.g., an embryonic stage. 
A transgene is a DNA which is integrated into the genome of a cell from which a transgenic 
animal develops. In one embodiment, cDNA encoding PRO can be used to clone genomic 
DNA encoding PRO in accordance with established techniques and the genomic sequences 
used to generate transgenic animals that contain cells which express DNA encoding PRO. 
Methods for generating transgenic animals, particularly animals such as mice or rats, have 
become conventional in the art and are described, for example, in U.S. Patent Nos. 4,736,866 
and 4,870,009. Typically, particular cells would be targeted for PRO transgene incorporation 
with tissue-specific enhancers. Transgenic animals that include a copy of a transgene encoding 
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PRO introduced into the germ line of the animal at an embryonic stage can be used to examine 
the effect of increased expression of DNA encoding PRO. Such animals can be used as tester 
animals for reagents thought to confer protection from, for example, pathological conditions 
associated with its overexpression. In accordance with this facet of the invention, an animal is 
treated with the reagent and a reduced incidence of the pathological condition, compared to 
untreated animals bearing the transgene, would indicate a potential therapeutic intervention for 
the pathological condition. 

[0306] Alternatively, non-human homologues of PRO can be used to construct a 
PRO "knock out" animal which has a defective or altered gene encoding PRO as a result of 
homologous recombination between the endogenous gene encoding PRO and altered genomic 
DNA encoding PRO introduced into an embryonic stem cell of the animal. For example, 
cDNA encoding PRO can be used to clone genomic DNA encoding PRO in accordance with 
established techniques. A portion of the genomic DNA encoding PRO can be deleted or 
replaced with another gene, such as a gene encoding a selectable marker which can be used to 
monitor integration. Typically, several kilobases of unaltered flanking DNA (both at the 5' and 
3' ends) are included in the vector [see e.g., Thomas and Capecchi, Cell , 51:503 (1987) for a 
description of homologous recombination vectors]. The vector is introduced into an 
embryonic stem cell line (e.g., by electroporation) and cells in which the introduced DNA has 
homologously recombined with the endogenous DNA are selected [see e.g., Li et al., Cell . 
69:915 (1992)]. The selected cells are then injected into a blastocyst of an animal (e.g., a 
mouse or rat) to form aggregation chimeras [see e.g., Bradley, in Teratocarcinomas and 
Embryonic Stem Cells: A Practical Approach, E. J. Robertson, ed. (IRL, Oxford, 1987), pp. 
113-152]. A chimeric embryo can then be implanted into a suitable pseudopregnant female 
foster animal and the embryo brought to term to create a "knock out" animal. Progeny 
harboring the homologously recombined DNA in their germ cells can be identified by standard 
techniques and used to breed animals in which all cells of the animal contain the homologously 
recombined DNA. Knockout animals can be characterized for instance, for their ability to 
defend against certain pathological conditions and for their development of pathological 
conditions due to absence of the PRO polypeptide. 
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[0307] Nucleic acid encoding the PRO polypeptides may also be used in gene 
therapy. In gene therapy applications, genes are introduced into cells in order to achieve in vivo 
synthesis of a therapeutically effective genetic product, for example for replacement of a 
defective gene. "Gene therapy 5 ' includes both conventional gene therapy where a lasting effect 
is achieved by a single treatment, and the administration of gene therapeutic agents, which 
involves the one time or repeated administration of a therapeutically effective DNA or mRNA. 
Antisense RNAs and DNAs can be used as therapeutic agents for blocking the expression of 
certain genes in vivo. It has already been shown that short antisense oligonucleotides can be 
imported into cells where they act as inhibitors, despite their low intracellular concentrations 
caused by their restricted uptake by the cell membrane. (Zamecnik et aL, Proc. Natl. Acad. Sci. 
USA 83:4143-4146 [1986]). The oligonucleotides can be modified to enhance their uptake, 
e.g. by substituting their negatively charged phosphodiester groups by uncharged groups. 

[0308] There are a variety of techniques available for introducing nucleic acids into 
viable cells. The techniques vary depending upon whether the nucleic acid is transferred into 
cultured cells in vitro, or in vivo in the cells of the intended host. Techniques suitable for the 
transfer of nucleic acid into mammalian cells in vitro include the use of liposomes, 
electroporation, microinjection, cell fusion, DEAE-dextran, the calcium phosphate 
precipitation method, etc. The currently preferred in vivo gene transfer techniques include 
transfection with viral (typically retroviral) vectors and viral coat protein-liposome mediated 
transfection (Dzau et aL, Trends in Biotechnology 11, 205-210 [1993]). In some situations it 
is desirable to provide the nucleic acid source with an agent that targets the target cells, such as 
an antibody specific for a cell surface membrane protein or the target cell, a ligand for a 
receptor on the target cell, etc. Where liposomes are employed, proteins which bind to a cell 
surface membrane protein associated with endocytosis may be used for targeting and/or to 
facilitate uptake, e.g. capsid proteins or fragments thereof tropic for a particular cell type, 
antibodies for proteins which undergo internalization in cycling, proteins that target 
intracellular localization and enhance intracellular half-life. The technique of 
receptor-mediated endocytosis is described, for example, by Wu et aL, J. Biol. Chem. 262, 
4429-4432 (1987); and Wagner et aL, Proc. Natl. Acad. Sci. USA 87, 3410-3414 (1990). For 
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review of gene marking and gene therapy protocols see Anderson et aL, Science 256, 808-813 
(1992). 

[0309] The PRO polypeptides described herein may also be employed as molecular 
weight markers for protein electrophoresis purposes and the isolated nucleic acid sequences 
may be used for recombinantly expressing those markers. 

[0310] The nucleic acid molecules encoding the PRO polypeptides or fragments 
thereof described herein are useful for chromosome identification. In this regard, there exists 
an ongoing need to identify new chromosome markers, since relatively few chromosome 
marking reagents, based upon actual sequence data are presently available. Each PRO nucleic 
acid molecule of the present invention can be used as a chromosome marker. 

[0311] The PRO polypeptides and nucleic acid molecules of the present invention 
may also be used diagnostically for tissue typing, wherein the PRO polypeptides of the present 
invention may be differentially expressed in one tissue as compared to another, preferably in a 
diseased tissue as compared to a normal tissue of the same tissue type. PRO nucleic acid 
molecules will find use for generating probes for PCR, Northern analysis, Southern analysis 
and Western analysis. 

[0312] The PRO polypeptides described herein may also be employed as 
therapeutic agents. The PRO polypeptides of the present invention can be formulated 
according to known methods to prepare pharmaceutically useful compositions, whereby the 
PRO product hereof is combined in admixture with a pharmaceutically acceptable carrier 
vehicle. Therapeutic formulations are prepared for storage by mixing the active ingredient 
having the desired degree of purity with optional physiologically acceptable carriers, excipients 
or stabilizers ( Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the 
form of lyophilized formulations or aqueous solutions. Acceptable carriers, excipients or 
stabilizers are nontoxic to recipients at the dosages and concentrations employed, and include 
buffers such as phosphate, citrate and other organic acids; antioxidants including ascorbic acid; 
low molecular weight (less than about 10 residues) polypeptides; proteins, such as serum 
albumin, gelatin or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone, 
amino acids such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides, 
disaccharides and other carbohydrates including glucose, mannose, or dextrins; chelating 
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agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming counterions 
such as sodium; and/or nonionic surfactants such as TWEEN™, PLURONICS™ or PEG. 

[0313] The formulations to be used for in vivo administration must be sterile. This 
is readily accomplished by filtration through sterile filtration membranes, prior to or following 
lyophilization and reconstitution. 

[0314] Therapeutic compositions herein generally are placed into a container 
having a sterile access port, for example, an intravenous solution bag or vial having a stopper 
pierceable by a hypodermic injection needle. 

[0315] The route of administration is in accord with known methods, e.g. injection 
or infusion by intravenous, intraperitoneal, intracerebral, intramuscular, intraocular, 
intraarterial or intralesional routes, topical administration, or by sustained release systems. 

[0316] Dosages and desired drug concentrations of pharmaceutical compositions 
of the present invention may vary depending on the particular use envisioned. The 
determination of the appropriate dosage or route of administration is well within the skill of an 
ordinary physician. Animal experiments provide reliable guidance for the determination of 
effective doses for human therapy. Interspecies scaling of effective doses can be performed 
following the principles laid down by Mordenti, J. and Chappell, W. "The use of interspecies 
scaling in toxicokinetics" In Toxicokinetics and New Drug Development, Yacobi et al., Eds., 
Pergamon Press, New York 1989, pp. 42-96. 

[0317] When in vivo administration of a PRO polypeptide or agonist or antagonist 
thereof is employed, normal dosage amounts may vary from about 1 0 ng/kg to up to 100 mg/kg 
of mammal body weight or more per day, preferably about 1 |^g/kg/day to 10 mg/kg/day, 
depending upon the route of administration. Guidance as to particular dosages and methods of 
delivery is provided in the literature; see, for example, U.S. Pat. Nos. 4,657,760; 5,206,344; or 
5,225,212. It is anticipated that different formulations will be effective for different treatment 
compounds and different disorders, that administration targeting one organ or tissue, for 
example, may necessitate delivery in a manner different from that to another organ or tissue. 

[0318] Where sustained-release administration of a PRO polypeptide is desired in 
a formulation with release characteristics suitable for the treatment of any disease or disorder 
requiring administration of the PRO polypeptide, microencapsulation of the PRO polypeptide 
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is contemplated. Microencapsulation of recombinant proteins for sustained release has been 
successfully performed with human growth hormone (rhGH), interferon- (rhIFN- ), 
interleukin-2, and MN rgpl20. Johnson et al., Nat. Med. . 2:795-799 (1996); Yasuda, Biomed. 
Ther. , 27:1221-1223 (1993); Hora et al, Bio/Technology. 8:755-758 (1990); Cleland, "Design 
and Production of Single Immunization Vaccines Using Polylactide Polyglycolide 
Microsphere Systems," in Vaccine Design: The Subunit and Adjuvant Approach , Powell and 
Newman, eds, (Plenum Press: New York, 1995), pp. 439-462; WO 97/03692, WO 96/40072, 
WO 96/07399; and U.S. Pat. No. 5,654,010. 

[0319] The sustained-release formulations of these proteins were developed using 
poly-lactic-coglycolic acid (PLGA) polymer due to its biocompatibility and wide range of 
biodegradable properties. The degradation products of PLGA, lactic and glycolic acids, can be 
cleared quickly within the human body. Moreover, the degradability of this polymer can be 
adjusted from months to years depending on its molecular weight and composition. Lewis, 
"Controlled release of bioactive agents from lactide/glycolide polymer," in: M. Chasin and R. 
Langer (Eds.), Biodegradable Polymers as Drug Delivery Systems (Marcel Dekker: New York, 
1990), pp. 1-41. 

[0320] This invention encompasses methods of screening compounds to identify 
those that mimic the PRO polypeptide (agonists) or prevent the effect of the PRO polypeptide 
(antagonists). Screening assays for antagonist drug candidates are designed to identify 
compounds that bind or complex with the PRO polypeptides encoded by the genes identified 
herein, or otherwise interfere with the interaction of the encoded polypeptides with other 
cellular proteins. Such screening assays will include assays amenable to high-throughput 
screening of chemical libraries, making them particularly suitable for identifying small 
molecule drug candidates. 

[0321] The assays can be performed in a variety of formats, including 
protein-protein binding assays, biochemical screening assays, immunoassays, and cell-based 
assays, which are well characterized in the art. 

[0322] All assays for antagonists are common in that they call for contacting the 
drug candidate with a PRO polypeptide encoded by a nucleic acid identified herein under 
conditions and for a time sufficient to allow these two components to interact. 
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[0323] In binding assays, the interaction is binding and the complex formed can be 
isolated or detected in the reaction mixture. In a particular embodiment, the PRO polypeptide 
encoded by the gene identified herein or the drug candidate is immobilized on a solid phase, 
e.g., on a microtiter plate, by covalent or non-covalent attachments. Non-covalent attachment 
generally is accomplished by coating the solid surface with a solution of the PRO polypeptide 
and drying. Alternatively, an immobilized antibody, e.g., a monoclonal antibody, specific for 
the PRO polypeptide to be immobilized can be used to anchor it to a solid surface. The assay 
is performed by adding the non-immobilized component, which may be labeled by a detectable 
label, to the immobilized component, e.g., the coated surface containing the anchored 
component. When the reaction is complete, the non-reacted components are removed, e.g., by 
washing, and complexes anchored on the solid surface are detected. When the originally 
non-immobilized component carries a detectable label, the detection of label immobilized on 
the surface indicates that complexing occurred. Where the originally non-immobilized 
component does not carry a label, complexing can be detected, for example, by using a labeled 
antibody specifically binding the immobilized complex. 

[0324] If the candidate compound interacts with but does not bind to a particular 
PRO polypeptide encoded by a gene identified herein, its interaction with that polypeptide can 
be assayed by methods well known for detecting protein-protein interactions. Such assays 
include traditional approaches, such as, e.g., cross-linking, co-immunoprecipitation, and 
co-purification through gradients or chromatographic columns. In addition, protein-protein 
interactions can be monitored by using a yeast-based genetic system described by Fields and 
co-workers (Fields and Song, Nature (London) . 340:245-246 (1989); Chien et al., Proc. Natl. 
Acad. Sci. USA . 88:9578-9582 (1991)) as disclosed by Chevray and Nathans, Proc. Natl. 
Acad. Sci. USA . 89: 5789-5793 (1991). Many transcriptional activators, such as yeast GAL4, 
consist of two physically discrete modular domains, one acting as the DNA-binding domain, 
the other one functioning as the transcription-activation domain. The yeast expression system 
described in the foregoing publications (generally referred to as the "two-hybrid system") takes 
advantage of this property, and employs two hybrid proteins, one in which the target protein is 
fused to the DNA-binding domain of GAL4, and another, in which candidate activating 
proteins are fused to the activation domain. The expression of a GALl-/acZ reporter gene 
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under control of a GAL4-activated promoter depends on reconstitution of GAL4 activity via 
protein-protein interaction. Colonies containing interacting polypeptides are detected with a 
chromogenic substrate for B-galactosidase. A complete kit (MATCHMAKER™) for 
identifying protein-protein interactions between two specific proteins using the two-hybrid 
technique is commercially available from Clontech. This system can also be extended to map 
protein domains involved in specific protein interactions as well as to pinpoint amino acid 
residues that are crucial for these interactions. 

[0325] Compounds that interfere with the interaction of a gene encoding a PRO 
polypeptide identified herein and other intra- or extracellular components can be tested as 
follows: usually a reaction mixture is prepared containing the product of the gene and the intra- 
or extracellular component under conditions and for a time allowing for the interaction and 
binding of the two products. To test the ability of a candidate compound to inhibit binding, the 
reaction is run in the absence and in the presence of the test compound. In addition, a placebo 
may be added to a third reaction mixture, to serve as positive control. The binding (complex 
formation) between the test compound and the intra- or extracellular component present in the 
mixture is monitored as described hereinabove. The formation of a complex in the control 
reaction(s) but not in the reaction mixture containing the test compound indicates that the test 
compound interferes with the interaction of the test compound and its reaction partner. 

[0326] To assay for antagonists, the PRO polypeptide may be added to a cell along 
with the compound to be screened for a particular activity and the ability of the compound to 
inhibit the activity of interest in the presence of the PRO polypeptide indicates that the 
compound is an antagonist to the PRO polypeptide. Alternatively, antagonists may be detected 
by combining the PRO polypeptide and a potential antagonist with membrane-bound PRO 
polypeptide receptors or recombinant receptors under appropriate conditions for a competitive 
inhibition assay. The PRO polypeptide can be labeled, such as by radioactivity, such that the 
number of PRO polypeptide molecules bound to the receptor can be used to determine the 
effectiveness of the potential antagonist. The gene encoding the receptor can be identified by 
numerous methods known to those of skill in the art, for example, ligand panning and FACS 
sorting. Coligan et al., Current Protocols in Immun. , 1(2): Chapter 5 (1991). Preferably, 
expression cloning is employed wherein polyadenylated RNA is prepared from a cell 
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responsive to the PRO polypeptide and a cDNA library created from this RNA is divided into 
pools and used to transfect COS cells or other cells that are not responsive to the PRO 
polypeptide. Transfected cells that are grown on glass slides are exposed to labeled PRO 
polypeptide. The PRO polypeptide can be labeled by a variety of means including iodination 
or inclusion of a recognition site for a site-specific protein kinase. Following fixation and 
incubation, the slides are subjected to autoradiographic analysis. Positive pools are identified 
and sub-pools are prepared and re-transfected using an interactive sub-pooling and 
re-screening process, eventually yielding a single clone that encodes the putative receptor. 

[0327] As an alternative approach for receptor identification, labeled PRO 
polypeptide can be photoaffinity-linked with cell membrane or extract preparations that 
express the receptor molecule. Cross-linked material is resolved by PAGE and exposed to 
X-ray film. The labeled complex containing the receptor can be excised, resolved into peptide 
fragments, and subjected to protein micro-sequencing. The amino acid sequence obtained 
from micro- sequencing would be used to design a set of degenerate oligonucleotide probes to 
screen a cDNA library to identify the gene encoding the putative receptor. 

[0328] In another assay for antagonists, mammalian cells or a membrane 
preparation expressing the receptor would be incubated with labeled PRO polypeptide in the 
presence of the candidate compound. The ability of the compound to enhance or block this 
interaction could then be measured. 

[0329] More specific examples of potential antagonists include an oligonucleotide 
that binds to the fusions of immunoglobulin with PRO polypeptide, and, in particular, 
antibodies including, without limitation, poly- and monoclonal antibodies and antibody 
fragments, single-chain antibodies, anti-idiotypic antibodies, and chimeric or humanized 
versions of such antibodies or fragments, as well as human antibodies and antibody fragments. 
Alternatively, a potential antagonist may be a closely related protein, for example, a mutated 
form of the PRO polypeptide that recognizes the receptor but imparts no effect, thereby 
competitively inhibiting the action of the PRO polypeptide. 

[0330] Another potential PRO polypeptide antagonist is an antisense RNA or DNA 
construct prepared using antisense technology, where, e.g., an antisense RNA or DNA 
molecule acts to block directly the translation of mRNA by hybridizing to targeted mRNA and 
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preventing protein translation. Antisense technology can be used to control gene expression 
through triple-helix formation or antisense DNA or RNA, both of which methods are based on 
binding of a polynucleotide to DNA or RNA. For example, the 5' coding portion of the 
polynucleotide sequence, which encodes the mature PRO polypeptides herein, is used to design 
an antisense RNA oligonucleotide of from about 10 to 40 base pairs in length. A DNA 
oligonucleotide is designed to be complementary to a region of the gene involved in 
transcription (triple helix - see Lee et al., Nucl. Acids Res. , 6:3073 (1979); Cooney et al., 
Science , 241: 456 (1988); Dervan et al., Science , 251:1360 (1991)), thereby preventing 
transcription and the production of the PRO polypeptide. The antisense RNA oligonucleotide 
hybridizes to the mRNA in vivo and blocks translation of the mRNA molecule into the PRO 
polypeptide (antisense - Okano, Neurochem. , 56:560 (1991); Oligodeoxvnucleotides as 
Antisense Inhibitors of Gene Expression (CRC Press: Boca Raton, FL, 1988). The 
oligonucleotides described above can also be delivered to cells such that the antisense RNA or 
DNA may be expressed in vivo to inhibit production of the PRO polypeptide. When antisense 
DNA is used, oligodeoxyribonucleotides derived from the translation-initiation site, e.g., 
between about -10 and +10 positions of the target gene nucleotide sequence, are preferred. 

[0331] Potential antagonists include small molecules that bind to the active site, the 
receptor binding site, or growth factor or other relevant binding site of the PRO polypeptide, 
thereby blocking the normal biological activity of the PRO polypeptide. Examples of small 
molecules include, but are not limited to, small peptides or peptide-like molecules, preferably 
soluble peptides, and synthetic non-peptidyl organic or inorganic compounds. 

[0332] Ribozymes are enzymatic RNA molecules capable of catalyzing the specific 
cleavage of RNA. Ribozymes act by sequence-specific hybridization to the complementary 
target RNA, followed by endonucleolytic cleavage. Specific ribozyme cleavage sites within a 
potential RNA target can be identified by known techniques. For further details see, e.g., 
Rossi, Current Biology , 4:469-471 (1994), and PCT publication No. WO 97/33551 (published 
September 18, 1997). 

[0333] Nucleic acid molecules in triple-helix formation used to inhibit 
transcription should be single-stranded and composed of deoxynucleotides. The base 
composition of these oligonucleotides is designed such that it promotes triple-helix formation 
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via Hoogsteen base-pairing rules, which generally require sizeable stretches of purines or 
pyrimidines on one strand of a duplex. For further details see, e.g., PCT publication No. WO 
97/33551, supra. 

[0334] These small molecules can be identified by any one or more of the screening 
assays discussed hereinabove and/or by any other screening techniques well known for those 
skilled in the art. 

[0335] Diagnostic and therapeutic uses of the herein disclosed molecules may also 
be based upon the positive functional assay hits disclosed and described below. 

F. Anti-PRO Antibodies 

[0336] The present invention further provides anti-PRO antibodies. Exemplary 
antibodies include polyclonal, monoclonal, humanized, bispecific, and heteroconjugate 
antibodies. 

1. Polyclonal Antibodies 
[0337] The anti-PRO antibodies may comprise polyclonal antibodies. Methods of 
preparing polyclonal antibodies are known to the skilled artisan. Polyclonal antibodies can be 
raised in a mammal, for example, by one or more injections of an immunizing agent and, if 
desired, an adjuvant. Typically, the immunizing agent and/or adjuvant will be injected in the 
mammal by multiple subcutaneous or intraperitoneal injections. The immunizing agent may 
include the PRO polypeptide or a fusion protein thereof. It may be useful to conjugate the 
immunizing agent to a protein known to be immunogenic in the mammal being immunized. 
Examples of such immunogenic proteins include but are not limited to keyhole limpet 
hemocyanin, serum albumin, bovine thyroglobulin, and soybean trypsin inhibitor. Examples 
of adjuvants which may be employed include Freund's complete adjuvant and MPL-TDM 
adjuvant (monophosphoryl Lipid A, synthetic trehalose dicorynomycolate). The immunization 
protocol may be selected by one skilled in the art without undue experimentation. 
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2. Monoclonal Antibodies 

[0338] The anti-PRO antibodies may, alternatively, be monoclonal antibodies. 
Monoclonal antibodies may be prepared using hybridoma methods, such as those described by 
Kohler and Milstein, Nature , 256:495 (1975). In a hybridoma method, a mouse, hamster, or 
other appropriate host animal, is typically immunized with an immunizing agent to elicit 
lymphocytes that produce or are capable of producing antibodies that will specifically bind to 
the immunizing agent. Alternatively, the lymphocytes may be immunized in vitro. 

[0339] The immunizing agent will typically include the PRO polypeptide or a 
fusion protein thereof. Generally, either peripheral blood lymphocytes ("PBLs") are used if 
cells of human origin are desired, or spleen cells or lymph node cells are used if non-human 
mammalian sources are desired. The lymphocytes are then fused with an immortalized cell 
line using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell 
[Goding, Monoclonal Antibodies: Principles and Practice . Academic Press, (1986) pp. 
59-103]. Immortalized cell lines are usually transformed mammalian cells, particularly 
myeloma cells of rodent, bovine and human origin. Usually, rat or mouse myeloma cell lines 
are employed. The hybridoma cells may be cultured in a suitable culture medium that 
preferably contains one or more substances that inhibit the growth or survival of the unfused, 
immortalized cells. For example, if the parental cells lack the enzyme hypoxanthine guanine 
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas 
typically will include hypoxanthine, aminopterin, and thymidine ("HAT medium"), which 
substances prevent the growth of HGPRT-deficient cells. 

[0340] Preferred immortalized cell lines are those that fuse efficiently, support 
stable high level expression of antibody by the selected antibody-producing cells, and are 
sensitive to a medium such as HAT medium. More preferred immortalized cell lines are 
murine myeloma lines, which can be obtained, for instance, from the Salk Institute Cell 
Distribution Center, San Diego, California and the American Type Culture Collection, 
Manassas, Virginia. Human myeloma and mouse-human heteromyeloma cell lines also have 
been described for the production of human monoclonal antibodies [Kozbor, J. Immunol. . 
133:3001 (1984); Brodeur et al., Monoclonal Antibody Production Techniques and 
A pplications . Marcel Dekker, Inc., New York, (1987) pp. 51-63]. 
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[0341] The culture medium in which the hybridoma cells are cultured can then be 
assayed for the presence of monoclonal antibodies directed against PRO. Preferably, the 
binding specificity of monoclonal antibodies produced by the hybridoma cells is determined by 
immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or 
enzyme-linked immunoabsorbent assay (ELISA). Such techniques and assays are known in 
the art. The binding affinity of the monoclonal antibody can, for example, be determined by 
the Scatchard analysis of Munson and Pollard, Anal. Biochem. . 107:220 (1980). 

[0342] After the desired hybridoma cells are identified, the clones may be 
subcloned by limiting dilution procedures and grown by standard methods [Goding, supra ]. 
Suitable culture media for this purpose include, for example, Dulbecco's Modified Eagle's 
Medium and RPMI-1640 medium. Alternatively, the hybridoma cells may be grown in vivo as 
ascites in a mammal. 

[0343] The monoclonal antibodies secreted by the subclones may be isolated or 
purified from the culture medium or ascites fluid by conventional immunoglobulin purification 
procedures such as, for example, protein A-Sepharose, hydroxylapatite chromatography, gel 
electrophoresis, dialysis, or affinity chromatography. 

[0344] The monoclonal antibodies may also be made by recombinant DNA 
methods, such as those described in U.S. Patent No. 4,816,567. DNA encoding the 
monoclonal antibodies of the invention can be readily isolated and sequenced using 
conventional procedures (e.g., by using oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy and light chains of murine antibodies). The 
hybridoma cells of the invention serve as a preferred source of such DNA. Once isolated, the 
DNA may be placed into expression vectors, which are then transfected into host cells such as 
simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise 
produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the 
recombinant host cells. The DNA also may be modified, for example, by substituting the 
coding sequence for human heavy and light chain constant domains in place of the homologous 
murine sequences [U.S. Patent No. 4,816,567; Morrison et al., supra ] or by covalently joining 
to the immunoglobulin coding sequence all or part of the coding sequence for a 
non-immunoglobulin polypeptide. Such a non-immunoglobulin polypeptide can be 
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substituted for the constant domains of an antibody of the invention, or can be substituted for 
the variable domains of one antigen-combining site of an antibody of the invention to create a 
chimeric bivalent antibody. 

[0345] The antibodies may be monovalent antibodies. Methods for preparing 
monovalent antibodies are well known in the art. For example, one method involves 
recombinant expression of immunoglobulin light chain and modified heavy chain. The heavy 
chain is truncated generally at any point in the Fc region so as to prevent heavy chain 
crosslinking. Alternatively, the relevant cysteine residues are substituted with another amino 
acid residue or are deleted so as to prevent crosslinking. 

[0346] In vitro methods are also suitable for preparing monovalent antibodies. 
Digestion of antibodies to produce fragments thereof, particularly, Fab fragments, can be 
accomplished using routine techniques known in the art. 

3. Human and Humanized Antibodies 
[0347] The anti-PRO antibodies of the invention may further comprise humanized 
antibodies or human antibodies. Humanized forms of non-human (e.g., murine) antibodies are 
chimeric immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, 
Fab', F(ab')2 or other antigen-binding subsequences of antibodies) which contain minimal 
sequence derived from non-human immunoglobulin. Humanized antibodies include human 
immunoglobulins (recipient antibody) in which residues from a complementary determining 
region (CDR) of the recipient are replaced by residues from a CDR of a non-human species 
(donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity and 
capacity. In some instances, Fv framework residues of the human immunoglobulin are 
replaced by corresponding non-human residues. Humanized antibodies may also comprise 
residues which are found neither in the recipient antibody nor in the imported CDR or 
framework sequences. In general, the humanized antibody will comprise substantially all of at 
least one, and typically two, variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all or substantially all of the 
FR regions are those of a human immunoglobulin consensus sequence. The humanized 
antibody optimally also will comprise at least a portion of an immunoglobulin constant region 
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(Fc), typically that of a human immunoglobulin [Jones et al., Nature . 321:522-525 (1986); 
Riechmann et al, Nature . 332:323-329 (1988); and Presta, Curr. Op. Struct BioL 2:593-596 
(1992)]. 

[0348] Methods for humanizing non-human antibodies are well known in the art. 
Generally, a humanized antibody has one or more amino acid residues introduced into it from 
a source which is non-human. These non-human amino acid residues are often referred to as 
"import" residues, which are typically taken from an "import" variable domain. Humanization 
can be essentially performed following the method of Winter and co-workers [Jones et al. 5 
Nature . 321:522-525 (1986); Riechmann et al, Nature . 332:323-327 (1988); Verhoeyen et al, 
Science . 239:1534-1536 (1988)], by substituting rodent CDRs or CDR sequences for the 
corresponding sequences of a human antibody. Accordingly, such "humanized" antibodies are 
chimeric antibodies (U.S. Patent No. 4,816,567), wherein substantially less than an intact 
human variable domain has been substituted by the corresponding sequence from a non-human 
species. In practice, humanized antibodies are typically human antibodies in which some CDR 
residues and possibly some FR residues are substituted by residues from analogous sites in 
rodent antibodies. 

[0349] Human antibodies can also be produced using various techniques known in 
the art, including phage display libraries [Hoogenboom and Winter, J. Mol. Biol. . 227:381 
(1991); Marks et al., J. Mol. Biol. . 222:581 (1991)]. The techniques of Cole et al. and Boerner 
et al. are also available for the preparation of human monoclonal antibodies (Cole et al., 
Monoclonal Antibodies and Cancer Therapy . Alan R. Liss, p. 77 (1985) and Boerner et al., J. 
Immunol. . 1470^ :86-95 (1991)]. Similarly, human antibodies can be made by introducing of 
human immunoglobulin loci into transgenic animals, e.g., mice in which the endogenous 
immunoglobulin genes have been partially or completely inactivated. Upon challenge, human 
antibody production is observed, which closely resembles that seen in humans in all respects, 
including gene rearrangement, assembly, and antibody repertoire. This approach is described, 
for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 
5,661,016, and in the following scientific publications: Marks et al, Bio/Technology 10, 
779-783 (1992); Lonberg et al, Nature 368 856-859 (1994); Morrison, Nature 368 . 812-13 
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(1994); Fishwild et al, Nature Biotechnology 14, 845-51 (1996); Neuberger, Nature 
Biotechnology 14, 826 (1996); Lonberg and Huszar, Intern. Rev. Immunol 13 65-93 (1995). 

[0350] The antibodies may also be affinity matured using known selection and/or 
mutagenesis methods as described above. Preferred affinity matured antibodies have an 
affinity which is five times, more preferably 10 times, even more preferably 20 or 30 times 
greater than the starting antibody (generally murine, humanized or human) from which the 
matured antibody is prepared. 

4. Bispecific Antibodies 

[0351] Bispecific antibodies are monoclonal, preferably human or humanized, 
antibodies that have binding specificities for at least two different antigens. In the present case, 
one of the binding specificities is for the PRO, the other one is for any other antigen, and 
preferably for a cell-surface protein or receptor or receptor subunit. 

[0352] Methods for making bispecific antibodies are known in the art. 
Traditionally, the recombinant production of bispecific antibodies is based on the 
co-expression of two immunoglobulin heavy-chain/light-chain pairs, where the two heavy 
chains have different specificities [Milstein and Cuello, Nature , 305:537-539 (1983)]. Because 
of the random assortment of immunoglobulin heavy and light chains, these hybridomas 
(quadromas) produce a potential mixture of ten different antibody molecules, of which only 
one has the correct bispecific structure. The purification of the correct molecule is usually 
accomplished by affinity chromatography steps. Similar procedures are disclosed in WO 
93/08829, published 13 May 1993, and in Traunecker et al., EMBO J. . 10:3655-3659 (1991). 

[0353] Antibody variable domains with the desired binding specificities 
(antibody-antigen combining sites) can be fused to immunoglobulin constant domain 
sequences. The fusion preferably is with an immunoglobulin heavy-chain constant domain, 
comprising at least part of the hinge, CH2, and CH3 regions. It is preferred to have the first 
heavy-chain constant region (CHI) containing the site necessary for light-chain binding 
present in at least one of the fusions. DNAs encoding the immunoglobulin heavy-chain fusions 
and, if desired, the immunoglobulin light chain, are inserted into separate expression vectors, 
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and are co-transfected into a suitable host organism. For further details of generating bispecific 
antibodies see, for example, Suresh et al., Methods in Enzvmologv . 121:210 (1986). 

[0354] According to another approach described in WO 96/27011, the interface 
between a pair of antibody molecules can be engineered to maximize the percentage of 
heterodimers which are recovered from recombinant cell culture. The preferred interface 
comprises at least a part of the CH3 region of an antibody constant domain. In this method, one 
or more small amino acid side chains from the interface of the first antibody molecule are 
replaced with larger side chains (e.g. tyrosine or tryptophan). Compensatory "cavities" of 
identical or similar size to the large side chain(s) are created on the interface of the second 
antibody molecule by replacing large amino acid side chains with smaller ones (e.g. alanine or 
threonine). This provides a mechanism for increasing the yield of the heterodimer over other 
unwanted end-products such as homodimers. 

[0355] Bispecific antibodies can be prepared as full length antibodies or antibody 
fragments (e.g. F(ab')2 bispecific antibodies). Techniques for generating bispecific antibodies 
from antibody fragments have been described in the literature. For example, bispecific 
antibodies can be prepared can be prepared using chemical linkage. Brennan et aL, Science 
229:81 (1985) describe a procedure wherein intact antibodies are proteolytically cleaved to 
generate F(ab')2 fragments. These fragments are reduced in the presence of the dithiol 
complexing agent sodium arsenite to stabilize vicinal dithiols and prevent intermolecular 
disulfide formation. The Fab 1 fragments generated are then converted to thionitrobenzoate 
(TNB) derivatives. One of the Fab'-TNB derivatives is then reconverted to the Fab'-thiol by 
reduction with mercaptoethylamine and is mixed with an equimolar amount of the other 
Fab'-TNB derivative to form the bispecific antibody. The bispecific antibodies produced can 
be used as agents for the selective immobilization of enzymes. 

[0356] Fab 1 fragments may be directly recovered from E. coli and chemically 
coupled to form bispecific antibodies. Shalaby et ai 9 J. Exp. Med. 175:217-225 (1992) 
describe the production of a fully humanized bispecific antibody F(ab')2 molecule. Each Fab' 
fragment was separately secreted from E. coli and subjected to directed chemical coupling in 
vitro to form the bispecific antibody. The bispecific antibody thus formed was able to bind to 
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cells overexpressing the ErbB2 receptor and normal human T cells, as well as trigger the lytic 
activity of human cytotoxic lymphocytes against human breast tumor targets. 

[0357] Various technique for making and isolating bispecific antibody fragments 
directly from recombinant cell culture have also been described. For example, bispecific 
antibodies have been produced using leucine zippers. Kostelny et al. 9 J. Immunol. 
148(5): 1547-1 553 (1992). The leucine zipper peptides from the Fos and Jun proteins were 
linked to the Fab' portions of two different antibodies by gene fusion. The antibody 
homodimers were reduced at the hinge region to form monomers and then re-oxidized to form 
the antibody heterodimers. This method can also be utilized for the production of antibody 
homodimers. The "diabody" technology described by Hollinger et aL, Proc. Natl. Acad. Sci. 
USA 90:6444-6448 (1993) has provided an alternative mechanism for making bispecific 
antibody fragments. The fragments comprise a heavy-chain variable domain (Vh) connected to 
a light-chain variable domain (Vl) by a linker which is too short to allow pairing between the 
two domains on the same chain. Accordingly, the Vh and Vl domains of one fragment are 
forced to pair with the complementary Vl and Vh domains of another fragment, thereby 
forming two antigen-binding sites. Another strategy for making bispecific antibody fragments 
by the use of single-chain Fv (sFv) dimers has also been reported. See, Gruber et aL, J. 
Immunol. 152:5368 (1994). 

[0358] Antibodies with more than two valencies are contemplated. For example, 
trispecific antibodies can be prepared. Tutt et al., J. Immunol. 147:60 (1991). 

[0359] Exemplary bispecific antibodies may bind to two different epitopes on a 
given PRO polypeptide herein. Alternatively, an anti-PRO polypeptide arm may be combined 
with an arm which binds to a triggering molecule on a leukocyte such as a T-cell receptor 
molecule (e.g. CD2, CD3, CD28, or B7), or Fc receptors for IgG (Fc?R), such as Fc?RI 
(CD64), Fc?RII (CD32) and Fc?RIII (CD16) so as to focus cellular defense mechanisms to the 
cell expressing the particular PRO polypeptide. Bispecific antibodies may also be used to 
localize cytotoxic agents to cells which express a particular PRO polypeptide. These 
antibodies possess a PRO-binding arm and an arm which binds a cytotoxic agent or a 
radionuclide chelator, such as EOTUBE, DPTA, DOTA, or TETA. Another bispecific 
antibody of interest binds the PRO polypeptide and further binds tissue factor (TF). 
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5. Heteroconjugate Antibodies 

[0360] Heteroconjugate antibodies are also within the scope of the present 
invention. Heteroconjugate antibodies are composed of two covalently joined antibodies. 
Such antibodies have, for example, been proposed to target immune system cells to unwanted 
cells [U.S. Patent No. 4,676,980], and for treatment of HIV infection [WO 91/00360; WO 
92/200373; EP 03089]. It is contemplated that the antibodies may be prepared in vitro using 
known methods in synthetic protein chemistry, including those involving crosslinking agents. 
For example, immunotoxins may be constructed using a disulfide exchange reaction or by 
forming a thioether bond. Examples of suitable reagents for this purpose include iminothiolate 
and methyl-4-mercaptobutyrimidate and those disclosed, for example, in U.S. Patent No. 
4,676,980. 

6. Effector Function Engineering 

[0361] It may be desirable to modify the antibody of the invention with respect to 
effector function, so as to enhance, e.g., the effectiveness of the antibody in treating cancer. 
For example, cysteine residue(s) may be introduced into the Fc region, thereby allowing 
interchain disulfide bond formation in this region. The homodimeric antibody thus generated 
may have improved internalization capability and/or increased complement-mediated cell 
killing and antibody-dependent cellular cytotoxicity (ADCC). See Caron et aL, J. Exp Med ., 
176 : 1191-1195 (1992) and Shopes, J. Immunol .. 148 : 2918-2922 (1992). Homodimeric 
antibodies with enhanced anti-tumor activity may also be prepared using heterobifunctional 
cross-linkers as described in Wolff et aL Cancer Research . 53: 2560-2565 (1993). 
Alternatively, an antibody can be engineered that has dual Fc regions and may thereby have 
enhanced complement lysis and ADCC capabilities. See Stevenson et aL, Anti-Cancer Drug 
Design, 3: 219-230 (1989). 

7. Immunoconjugates 

[0362] The invention also pertains to immunoconjugates comprising an antibody 
conjugated to a cytotoxic agent such as a chemotherapeutic agent, toxin (e.g., an enzymatically 
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active toxin of bacterial, fungal, plant, or animal origin, or fragments thereof), or a radioactive 
isotope (i.e., a radioconjugate). 

[0363] Chemotherapeutic agents useful in the generation of such 
immunoconjugates have been described above. Enzymatically active toxins and fragments 
thereof that can be used include diphtheria A chain, nonbinding active fragments of diphtheria 
toxin, exotoxin A chain (from Pseudomonas aeruginosa), ricin A chain, abrin A chain, 
modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca 
americana proteins (PAPI, PAPII, and PAP-S), momordica charantia inhibitor, curcin, crotin, 
sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin, and 
the tricothecenes. A variety of radionuclides are available for the production of 
radioconjugated antibodies. Examples include 2l2 Bi, m I, 131 In, 90 Y, and l86 Re. 

[0364] Conjugates of the antibody and cytotoxic agent are made using a variety of 
Afunctional protein-coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate 
(SPDP), iminothiolane (IT), Afunctional derivatives of imidoesters (such as dimethyl 
adipimidate HCL), active esters (such as disuccinimidyl suberate), aldehydes (such as 
glutareldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), 
bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates 
(such as tolyene 2,6-diisocyanate), and bis-active fluorine compounds (such as 
l,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as 
described in Vitetta et al. 9 Science . 238 : 1098 (1987). Carbon- 14-labeled 
l-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-DTPA) is an 
exemplary chelating agent for conjugation of radionucleotide to the antibody. See 
WO94/11026. 

[0365] In another embodiment, the antibody may be conjugated to a "receptor" 
(such streptavidin) for utilization in tumor pretargeting wherein the antibody-receptor 
conjugate is administered to the patient, followed by removal of unbound conjugate from the 
circulation using a clearing agent and then administration of a "ligand" (e.g., avidin) that is 
conjugated to a cytotoxic agent (e.g., a radionucleotide). 
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8. Immunoliposomes 

[0366] The antibodies disclosed herein may also be formulated as 
immunoliposomes. Liposomes containing the antibody are prepared by methods known in the 
art, such as described in Epstein et al, Proc. Natl. Acad. Sci. USA . 82: 3688 (1985); Hwang et 
al., Proc. Natl Acad. Sci. USA , 77: 4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545. 
Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. 

[0367] Particularly useful liposomes can be generated by the reverse-phase 
evaporation method with a lipid composition comprising phosphatidylcholine, cholesterol, and 
PEG-derivatized phosphatidylethanolamine (PEG-PE). Liposomes are extruded through 
filters of defined pore size to yield liposomes with the desired diameter. Fab' fragments of the 
antibody of the present invention can be conjugated to the liposomes as described in Martin et 
al .. J. Biol. Chenu 257: 286-288 (1982) via a disulfide-interchange reaction. A 
chemotherapeutic agent (such as Doxorubicin) is optionally contained within the liposome. 
See Gabizon et al, J. National Cancer Inst. . 81(19): 1484 (1989). 

9. Pharmaceutical Compositions of Antibodies 

[0368] Antibodies specifically binding a PRO polypeptide identified herein, as 
well as other molecules identified by the screening assays disclosed hereinbefore, can be 
administered for the treatment of various disorders in the form of pharmaceutical 
compositions. 

[0369] If the PRO polypeptide is intracellular and whole antibodies are used as 
inhibitors, internalizing antibodies are preferred. However, lipofections or liposomes can also 
be used to deliver the antibody, or an antibody fragment, into cells. Where antibody fragments 
are used, the smallest inhibitory fragment that specifically binds to the binding domain of the 
target protein is preferred. For example, based upon the variable-region sequences of an 
antibody, peptide molecules can be designed that retain the ability to bind the target protein 
sequence. Such peptides can be synthesized chemically and/or produced by recombinant DNA 
technology. See, e.g., Marasco etal, Proc. Natl. Acad. Sci. USA , 90: 7889-7893 (1993). 

[0370] The formulation herein may also contain more than one active compound as 
necessary for the particular indication being treated, preferably those with complementary 
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activities that do not adversely affect each other. Alternatively, or in addition, the composition 
may comprise an agent that enhances its function, such as, for example, a cytotoxic agent, 
cytokine, chemotherapeutic agent, or growth-inhibitory agent. Such molecules are suitably 
present in combination in amounts that are effective for the purpose intended. 

[0371] The active ingredients may also be entrapped in microcapsules prepared, for 
example, by coacervation techniques or by interfacial polymerization, for example, 
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate) 
microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes, 
albumin microspheres, microemulsions, nano-particles, and nanocapsules) or in 
macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical Sciences . 
supra. 

[0372] The formulations to be used for in vivo administration must be sterile. This 
is readily accomplished by filtration through sterile filtration membranes. 

[0373] Sustained-release preparations may be prepared. Suitable examples of 
sustained-release preparations include semipermeable matrices of solid hydrophobic polymers 
containing the antibody, which matrices are in the form of shaped articles, e.g., films, or 
microcapsules. Examples of sustained-release matrices include polyesters, hydrogels (for 
example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. 
No. 3,773,919), copolymers of L-glutamic acid and ? ethyl-L-glutamate, non-degradable 
ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the LUPRON 
DEPOT ™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and 
leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as 
ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for over 100 
days, certain hydrogels release proteins for shorter time periods. When encapsulated 
antibodies remain in the body for a long time, they may denature or aggregate as a result of 
exposure to moisture at 37°C, resulting in a loss of biological activity and possible changes in 
immunogenicity. Rational strategies can be devised for stabilization depending on the 
mechanism involved. For example, if the aggregation mechanism is discovered to be 
intermolecular S-S bond formation through thio-disulfide interchange, stabilization may be 
achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling 
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moisture content, using appropriate additives, and developing specific polymer matrix 
compositions. 

G. Uses for anti-PRO Antibodies 

[0374] The anti-PRO antibodies of the invention have various utilities. For 
example, anti-PRO antibodies may be used in diagnostic assays for PRO, e.g., detecting its 
expression (and in some cases, differential expression) in specific cells, tissues, or serum. 
Various diagnostic assay techniques known in the art may be used, such as competitive binding 
assays, direct or indirect sandwich assays and immunoprecipitation assays conducted in either 
heterogeneous or homogeneous phases [Zola, Monoclonal Antibodies: A Manual of 
Techniques , CRC Press, Inc. (1987) pp. 147-158]. The antibodies used in the diagnostic assays 
can be labeled with a detectable moiety. The detectable moiety should be capable of 
producing, either directly or indirectly, a detectable signal. For example, the detectable moiety 
may be a radioisotope, such as 3 H, l4 C, 32 P, 35 S, or 125 I, a fluorescent or chemiluminescent 
compound, such as fluorescein isothiocyanate, rhodamine, or luciferin, or an enzyme, such as 
alkaline phosphatase, beta-galactosidase or horseradish peroxidase. Any method known in the 
art for conjugating the antibody to the detectable moiety may be employed, including those 
methods described by Hunter et al., Nature . 144:945 (1962); David et al., Biochemistry . 
13:1014 (1974); Pain et al., J. Immunol. Meth. . 40:219 (1981); and Nygren, J. Histochem. and 
Cvtochem. . 30:407 (1982). 

[0375] Anti-PRO antibodies also are useful for the affinity purification of PRO 
from recombinant cell culture or natural sources. In this process, the antibodies against PRO 
are immobilized on a suitable support, such a Sephadex resin or filter paper, using methods 
well known in the art. The immobilized antibody then is contacted with a sample containing 
the PRO to be purified, and thereafter the support is washed with a suitable solvent that will 
remove substantially all the material in the sample except the PRO, which is bound to the 
immobilized antibody. Finally, the support is washed with another suitable solvent that will 
release the PRO from the antibody. 

[0376] The following examples are offered for illustrative purposes only, and are 
not intended to limit the scope of the present invention in any way. 
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[0377] All patent and literature references cited in the present specification are 
hereby incorporated by reference in their entirety. 

EXAMPLES 

[0378] Commercially available reagents referred to in the examples were used 
according to manufacturer's instructions unless otherwise indicated. The source of those cells 
identified in the following examples, and throughout the specification, by ATCC accession 
numbers is the American Type Culture Collection, Manassas, VA. 

EXAMPLE 1 

Extracellular Domain Homology Screening to Identify Novel Polypeptides and cDNA 

Encoding Therefor 

[0379] The extracellular domain (ECD) sequences (including the secretion signal 
sequence, if any) from about 950 known secreted proteins from the Swiss-Prot public database 
were used to search EST databases. The EST databases included public databases (e.g., 
Dayhoff, GenBank), and proprietary databases (e.g. LIFESEQ™, Incyte Pharmaceuticals, Palo 
Alto, CA). The search was performed using the computer program BLAST or BLAST-2 
(Altschul et al., Methods in Enzvmologv 266:460-480 (1996)) as a comparison of the ECD 
protein sequences to a 6 frame translation of the EST sequences. Those comparisons with a 
BLAST score of 70 (or in some cases 90) or greater that did not encode known proteins were 
clustered and assembled into consensus DNA sequences with the program "phrap" (Phil 
Green, University of Washington, Seattle, WA). 

[0380] Using this extracellular domain homology screen, consensus DNA 
sequences were assembled relative to the other identified EST sequences using phrap. In 
addition, the consensus DNA sequences obtained were often (but not always) extended using 
repeated cycles of BLAST or BLAST-2 and phrap to extend the consensus sequence as far as 
possible using the sources of EST sequences discussed above. 

[0381] Based upon the consensus sequences obtained as described above, 
oligonucleotides were then synthesized and used to identify by PCR a cDNA library that 
contained the sequence of interest and for use as probes to isolate a clone of the full-length 
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coding sequence for a PRO polypeptide. Forward and reverse PCR primers generally range 
from 20 to 30 nucleotides and are often designed to give a PCR product of about 100-1000 bp 
in length. The probe sequences are typically 40-55 bp in length. In some cases, additional 
oligonucleotides are synthesized when the consensus sequence is greater than about l-1.5kbp. 
In order to screen several libraries for a full-length clone, DNA from the libraries was screened 
by PCR amplification, as per Ausubel et al., Current Protocols in Molecular Biology , with the 
PCR primer pair. A positive library was then used to isolate clones encoding the gene of 
interest using the probe oligonucleotide and one of the primer pairs. 

[0382] The cDNA libraries used to isolate the cDNA clones were constructed by 
standard methods using commercially available reagents such as those from Invitrogen, San 
Diego, CA. The cDNA was primed with oligo dT containing a NotI site, linked with blunt to 
Sail hemikinased adaptors, cleaved with NotI, sized appropriately by gel electrophoresis, and 
cloned in a defined orientation into a suitable cloning vector (such as pRKB or pRKD; pRK5B 
is a precursor of pRK5D that does not contain the Sfil site; see, Holmes et al., Science . 
253:1278-1280 (1991)) in the unique Xhol and NotI sites. 

EXAMPLE 2 
Isolation of cDNA clones by Amylase Screening 
1. Preparation of oligo dT primed cDNA library 

[0383] mRNA was isolated from a human tissue of interest using reagents and 
protocols from Invitrogen, San Diego, CA (Fast Track 2). This RNA was used to generate an 
oligo dT primed cDNA library in the vector pRK5D using reagents and protocols from Life 
Technologies, Gaithersburg, MD (Super Script Plasmid System). In this procedure, the double 
stranded cDNA was sized to greater than 1000 bp and the Sall/NotI linkered cDNA was cloned 
into XhoI/NotI cleaved vector. pRK5D is a cloning vector that has an sp6 transcription 
initiation site followed by an Sfil restriction enzyme site preceding the XhoI/NotI cDNA 
cloning sites. 
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2. Preparation of random primed cDNA library 

[0384] A secondary cDNA library was generated in order to preferentially 
represent the 5' ends of the primary cDNA clones. Sp6 RNA was generated from the primary 
library (described above), and this RNA was used to generate a random primed cDNA library 
in the vector pSST-AMY.O using reagents and protocols from Life Technologies (Super Script 
Plasmid System, referenced above). In this procedure the double stranded cDNA was sized to 
500-1000 bp, linkered with blunt to NotI adaptors, cleaved with Sfil, and cloned into Sfil/NotI 
cleaved vector. pSST-AMY.O is a cloning vector that has a yeast alcohol dehydrogenase 
promoter preceding the cDNA cloning sites and the mouse amylase sequence (the mature 
sequence without the secretion signal) followed by the yeast alcohol dehydrogenase terminator, 
after the cloning sites. Thus, cDNAs cloned into this vector that are fused in frame with 
amylase sequence will lead to the secretion of amylase from appropriately transfected yeast 
colonies. 

3. Transformation and Detection 

[0385] DNA from the library described in paragraph 2 above was chilled on ice to 
which was added electrocompetent DH10B bacteria (Life Technologies, 20 ml). The bacteria 
and vector mixture was then electroporated as recommended by the manufacturer. 
Subsequently, SOC media (Life Technologies, 1 ml) was added and the mixture was incubated 
at 37°C for 30 minutes. The transformants were then plated onto 20 standard 150 mm LB 
plates containing ampicillin and incubated for 16 hours (37°C). Positive colonies were scraped 
off the plates and the DNA was isolated from the bacterial pellet using standard protocols, e.g. 
CsCl-gradient. The purified DNA was then carried on to the yeast protocols below. 

[0386] The yeast methods were divided into three categories: ( 1 ) Transformation of 
yeast with the plasmid/cDNA combined vector; (2) Detection and isolation of yeast clones 
secreting amylase; and (3) PCR amplification of the insert directly from the yeast colony and 
purification of the DNA for sequencing and further analysis. 

[0387] The yeast strain used was HD56-5A (ATCC-90785). This strain has the 
following genotype: MAT alpha, ura3-52, leu2-3, leu2-112, his3-ll, his3-15, MAL + , SUC + , 
GAL + . Preferably, yeast mutants can be employed that have deficient post-translational 



-103- 



pathways. Such mutants may have translocation deficient alleles in secll, secll, sec62, with 
truncated secl\ being most preferred. Alternatively, antagonists (including antisense 
nucleotides and/or ligands) which interfere with the normal operation of these genes, other 
proteins implicated in this post translation pathway (e.g., SEC61p, SEC72p, SEC62p, SEC63p, 
TDJlp or SSAlp-4p) or the complex formation of these proteins may also be preferably 
employed in combination with the amylase-expressing yeast. 

[0388] Transformation was performed based on the protocol outlined by Gietz et 
al., Nucl. Acid. Res. . 20:1425 (1992). Transformed cells were then inoculated from agar into 
YEPD complex media broth (100 ml) and grown overnight at 30°C. The YEPD broth was 
prepared as described in Kaiser et al., Methods in Yeast Genetics . Cold Spring Harbor Press, 
Cold Spring Harbor, NY, p. 207 (1994). The overnight culture was then diluted to about 2 x 
10 6 cells/ml (approx. OD 600 =0.1) into fresh YEPD broth (500 ml) and regrown to 1 x 10 7 
cells/ml (approx. OD 6 oo = 0.4-0.5). 

[0389] The cells were then harvested and prepared for transformation by transfer 
into GS3 rotor bottles in a Sorval GS3 rotor at 5,000 rpm for 5 minutes, the supernatant 
discarded, and then resuspended into sterile water, and centrifuged again in 50 ml falcon tubes 
at 3,500 rpm in a Beckman GS-6KR centrifuge. The supernatant was discarded and the cells 
were subsequently washed with LiAc/TE (10 ml, 10 mM Tris-HCl, 1 mM EDTA pH 7.5, 100 
mM Li 2 OOCCH 3 ), and resuspended into LiAc/TE (2.5 ml). 

[0390] Transformation took place by mixing the prepared cells (100 jil) with 
freshly denatured single stranded salmon testes DNA (Lofstrand Labs, Gaithersburg, MD) and 
transforming DNA (1 ng, vol. < 10 ^il) in microfuge tubes. The mixture was mixed briefly by 
vortexing, then 40% PEG/TE (600 pi, 40% polyethylene glycol-4000, 1 0 mM Tris-HCl, 1 mM 
EDTA, 100 mM Li 2 OOCCH3, pH 7.5) was added. This mixture was gently mixed and 
incubated at 30°C while agitating for 30 minutes. The cells were then heat shocked at 42°C for 
15 minutes, and the reaction vessel centrifuged in a microfuge at 12,000 rpm for 5-10 seconds, 
decanted and resuspended into TE (500 jil, 10 mM Tris-HCl, 1 mM EDTA pH 7.5) followed 
by recentrifugation. The cells were then diluted into TE (1 ml) and aliquots (200 ^1) were 
spread onto the selective media previously prepared in 150 mm growth plates (VWR). 
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[0391] Alternatively, instead of multiple small reactions, the transformation was 
performed using a single, large scale reaction, wherein reagent amounts were scaled up 
accordingly. 

[0392] The selective media used was a synthetic complete dextrose agar lacking 
uracil (SCD-Ura) prepared as described in Kaiser et al., Methods in Yeast Genetics , Cold 
Spring Harbor Press, Cold Spring Harbor, NY, p. 208-210 (1994). Transformants were grown 
at 30°C for 2-3 days. 

[0393] The detection of colonies secreting amylase was performed by including red 
starch in the selective growth media. Starch was coupled to the red dye (Reactive Red- 120, 
Sigma) as per the procedure described by Biely et al., Anal. Biochem. . 172:176-179 (1988). 
The coupled starch was incorporated into the SCD-Ura agar plates at a final concentration of 
0.15% (w/v), and was buffered with potassium phosphate to a pH of 7.0 (50-100 mM final 
concentration). 

[0394] The positive colonies were picked and streaked across fresh selective media 
(onto 150 mm plates) in order to obtain well isolated and identifiable single colonies. Well 
isolated single colonies positive for amylase secretion were detected by direct incorporation of 
red starch into buffered SCD-Ura agar. Positive colonies were determined by their ability to 
break down starch resulting in a clear halo around the positive colony visualized directly. 

4. Isolation of DNA by PCR Amplification 

[0395] When a positive colony was isolated, a portion of it was picked by a 
toothpick and diluted into sterile water (30 jlxI) in a 96 well plate. At this time, the positive 
colonies were either frozen and stored for subsequent analysis or immediately amplified. An 
aliquot of cells (5 |iil) was used as a template for the PCR reaction in a 25 |il volume containing: 
0.5 )ul Klentaq KLENTAO ( a 5'-exo minus N-terminal deletion of Tag DNA polymerase 
available from Clontech. Palo Alto, CA); 4.0 fjil 10 mM dNTP's (Perkin Elmer-Cetus); 2.5 \i\ 
Kentaq buffer (Clontech); 0.25 (il forward oligo 1; 0.25 ^1 reverse oligo 2; 12.5 |il distilled 
water. The sequence of the forward oligonucleotide 1 was: 

5 ' -TGT A AAACGACGGCC AG TTAAAT AGACCTGC A ATTATTAATCT -3 ' (SEQ 
ID NO: 169) 
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The sequence of reverse oligonucleotide 2 was: 

5 ' -CAGGAAACAGCTATGACC ACCTGC AC ACCTGC AAATCC ATT -3 ' (SEQ ID 
NO: 170) 



[0396] PCR was then performed as follows: 



a. 




Denature 


92°C, 


5 minutes 


b. 


3 cycles of: 


Denature 


92°C, 


30 seconds 






Anneal 


59°C, 


30 seconds 






Extend 


72°C, 


60 seconds 


c. 


3 cycles of: 


Denature 


92°C, 


30 seconds 






Anneal 


57°C, 


30 seconds 






Extend 


72°C, 


60 seconds 


d. 


25 cycles of: 


Denature 


92°C, 


30 seconds 






Anneal 


55°C, 


30 seconds 






Extend 


72°C, 


60 seconds 


e. 




Hold 


4°C 





[0397] The underlined regions of the oligonucleotides annealed to the ADH 
promoter region and the amylase region, respectively, and amplified a 307 bp region from 
vector pSST-AMY.O when no insert was present. Typically, the first 18 nucleotides of the 5' 
end of these oligonucleotides contained annealing sites for the sequencing primers. Thus, the 
total product of the PCR reaction from an empty vector was 343 bp. However, signal 
sequence- fused cDNA resulted in considerably longer nucleotide sequences. 

[0398] Following the PCR, an aliquot of the reaction (5 |il) was examined by 
agarose gel electrophoresis in a 1% agarose gel using a Tris-Borate-EDTA (TBE) buffering 
system as described by Sambrook et al., supra . Clones resulting in a single strong PCR product 
larger than 400 bp were further analyzed by DNA sequencing after purification with a 96 
Qiaquick OIAQUICK PCR clean-up column (Qiagen Inc., Chatsworth, CA). 
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EXAMPLE 3 

Isolation of cDNA Clones Using Signal Algorithm Analysis 
[0399] Various polypeptide-encoding nucleic acid sequences were identified by 
applying a proprietary signal sequence finding algorithm developed by Genentech, Inc. (South 
San Francisco, CA) upon ESTs as well as clustered and assembled EST fragments from public 
(e.g., GenBank) and/or private (LIFESEQ®, Incyte Pharmaceuticals, Inc., Palo Alto, CA) 
databases. The signal sequence algorithm computes a secretion signal score based on the 
character of the DNA nucleotides surrounding the first and optionally the second methionine 
codon(s) (ATG) at the 5' -end of the sequence or sequence fragment under consideration. The 
nucleotides following the first ATG must code for at least 35 unambiguous amino acids 
without any stop codons. If the first ATG has the required amino acids, the second is not 
examined. If neither meets the requirement, the candidate sequence is not scored. In order to 
determine whether the EST sequence contains an authentic signal sequence, the DNA and 
corresponding amino acid sequences surrounding the ATG codon are scored using a set of 
seven sensors (evaluation parameters) known to be associated with secretion signals. Use of 
this algorithm resulted in the identification of numerous polypeptide-encoding nucleic acid 
sequences. 

EXAMPLE 4 

Isolation of cDNA Clones Encoding Human PRO Polypeptides 
[0400] Using the techniques described in Examples 1 to 3 above, numerous 
full-length cDNA clones were identified as encoding PRO polypeptides as disclosed herein. 
These cDNAs were then deposited under the terms of the Budapest Treaty with the American 
Type Culture Collection, 10801 University Blvd., Manassas, VA 20110-2209, USA (ATCC) 
as shown in Table 7 below. 



Table 7 


Material 


ATCC DeD. No. 


Deposit Date 


DNA26843-1389 


203099 


August 4, 1998 


DNA30867-1335 


209807 


April 28, 1998 


DNA34431-1177 


209399 


October 17, 1997 
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Table 7 
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June 9, 1998 


UNA58855-1 422 


203018 
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UNAbl / 00-1554 
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DNA62815-1576 


203247 


September 9, 1998 


DNA64881-1602 


203240 


September 9, 1998 


DNA64886-1601 


203241 


September 9, 1998 


DNA64902-1667 


203317 


October 6, 1998 


DNA64950-1590 


203224 


September 15, 1998 


DNA65403-1565 


203230 


September 15, 1998 
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Table 7 


Material 


ATCC DeD. No. 


Deposit Date 


DNA66308-1 537 


203159 


A ~ 1 A\ ^ J A A A 

August 25, 1998 


DNA66519-1535 


203236 


September 15, 1998 


DNA66521-1583 


203225 


September 15, 1998 


DNA66658-1584 


r\r*L aaa/\ 

203229 


f^X m | if* J AAA 

September 15, 1998 


DNA66660-1 585 


203279 


September 22, 1998 


r~\ |l 1 A A A f-\ /-v ^ 1»AA 

DNA66663-1 598 


A A A AAA 
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A 1 A A A A ^ -J .j A A. 
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A A. A A A A 
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DNA68862-2546 


AAA A^ A 

203652 


February 9, 1999 


DNA68866-1 644 


A A A A A A 

203283 


September 22, 1998 


DNA68871-1638 


203280 


September 22, 1998 


DNA68880-1676 


203319 


October 6, 1998 


DNA68883-1691 


203535 


December 15, 1998 


DNA68885-1678 


20331 1 


October 6, 1998 


DNA71 277-1 636 


203285 


September 22, 1998 


DNA73727-1673 


203459 


November 3, 1998 


DNA73734-1680 


203363 


October 20, 1998 


DNA73735-1681 


203356 


October 20, 1998 


DNA76393-1664 


203323 


October 6, 1998 


DNA77301-1708 


203407 


October 27, 1998 


DNA77568-1626 


203134 


August 18, 1998 


DNA77626-1 705 


203536 


December 15, 1998 


DNA81 754-2532 


203542 


December 15, 1998 


DNA81 757-251 2 


203543 


December 15, 1998 


DNA82302-2529 


203534 


December 15, 1998 


DNA82340-2530 


203547 


December 22, 1998 


DNA83500-2506 


203391 


October 29, 1998 


DNA84920-2614 


203966 


April 27, 1999 


DNA85066-2534 


203588 


January 12, 1999 


DNA86571-2551 


203660 


February 9, 1999 


A 1 A A A y-% r~ A a 
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r - i *-\ a aaal 
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203602 
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PTA-382 


July 20, 1999 


DNA96787-2534 


203589 


January 12, 1999 


DNA1 251 85-2806 


PTA-1031 


December 7, 1999 


DNA1 47531 -2821 


PTA-1185 


January 11, 2000 


DNA1 15291 -2681 


PTA-202 


June 8, 1999 


DNA1 64625-28890 


PTA-1535 


March 21, 2000 


DNA1 31 639-2874 


PTA-1784 


April 25, 2000 


DNA79230-2525 


203549 


December 22, 1998 
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[0401] These deposits were made under the provisions of the Budapest Treaty on 
the International Recognition of the Deposit of Microorganisms for the Purpose of Patent 
Procedure and the Regulations thereunder (Budapest Treaty). This assures maintenance of a 
viable culture of the deposit for 30 years from the date of deposit. The deposits will be made 
available by ATCC under the terms of the Budapest Treaty, and subject to an agreement 
between Genentech, Inc. and ATCC, which assures permanent and unrestricted availability of 
the progeny of the culture of the deposit to the public upon issuance of the pertinent U.S. patent 
or upon laying open to the public of any U.S. or foreign patent application, whichever comes 
first, and assures availability of the progeny to one determined by the U.S. Commissioner of 
Patents and Trademarks to be entitled thereto according to 35 USC § 122 and the 
Commissioner's rules pursuant thereto (including 37 CFR § 1.14 with particular reference to 
886 OG 638). 

[0402] The assignee of the present application has agreed that if a culture of the 
materials on deposit should die or be lost or destroyed when cultivated under suitable 
conditions, the materials will be promptly replaced on notification with another of the same. 
Availability of the deposited material is not to be construed as a license to practice the 
invention in contravention of the rights granted under the authority of any government in 
accordance with its patent laws. 

EXAMPLE 5 
Use of PRO as a hybridization probe 
[0403] The following method describes use of a nucleotide sequence encoding 
PRO as a hybridization probe. 

[0404] DNA comprising the coding sequence of full-length or mature PRO as 
disclosed herein is employed as a probe to screen for homologous DNAs (such as those 
encoding naturally-occurring variants of PRO) in human tissue cDNA libraries or human tissue 
genomic libraries. 

[0405] Hybridization and washing of filters containing either library DNAs is 
performed under the following high stringency conditions. Hybridization of radiolabeled 
PRO-derived probe to the filters is performed in a solution of 50% formamide, 5x SSC, 0.1% 
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SDS, 0.1% sodium pyrophosphate, 50 mM sodium phosphate, pH 6.8, 2x Denhardt's solution, 
and 10% dextran sulfate at 42°C for 20 hours. Washing of the filters is performed in an 
aqueous solution of 0.1 x SSC and 0.1% SDS at 42°C. 

[0406] DNAs having a desired sequence identity with the DNA encoding 
full-length native sequence PRO can then be identified using standard techniques known in the 
art. 

EXAMPLE 6 
Expression of PRO in E. coli 

[0407] This example illustrates preparation of an unglycosylated form of PRO by 
recombinant expression in E. coli. 

[0408] The DNA sequence encoding PRO is initially amplified using selected PCR 
primers. The primers should contain restriction enzyme sites which correspond to the 
restriction enzyme sites on the selected expression vector. A variety of expression vectors may 
be employed. An example of a suitable vector is pBR322 (derived from E. coli; see Bolivar et 
al., Gene . 2:95 (1977)) which contains genes for ampicillin and tetracycline resistance. The 
vector is digested with restriction enzyme and dephosphorylated. The PCR amplified 
sequences are then ligated into the vector. The vector will preferably include sequences which 
encode for an antibiotic resistance gene, a trp promoter, a polyhis leader (including the first six 
STII codons, polyhis sequence, and enterokinase cleavage site), the PRO coding region, 
lambda transcriptional terminator, and an argU gene. 

[0409] The ligation mixture is then used to transform a selected E. coli strain using 
the methods described in Sambrook et al., supra . Transformants are identified by their ability 
to grow on LB plates and antibiotic resistant colonies are then selected. Plasmid DNA can be 
isolated and confirmed by restriction analysis and DNA sequencing. 

[0410] Selected clones can be grown overnight in liquid culture medium such as 
LB broth supplemented with antibiotics. The overnight culture may subsequently be used to 
inoculate a larger scale culture. The cells are then grown to a desired optical density, during 
which the expression promoter is turned on. 
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[0411] After culturing the cells for several more hours, the cells can be harvested 
by centrifugation. The cell pellet obtained by the centrifugation can be solubilized using 
various agents known in the art, and the solubilized PRO protein can then be purified using a 
metal chelating column under conditions that allow tight binding of the protein. 

[0412] PRO may be expressed in E, coli in a poly-His tagged form, using the 
following procedure. The DNA encoding PRO is initially amplified using selected PGR 
primers. The primers will contain restriction enzyme sites which correspond to the restriction 
enzyme sites on the selected expression vector, and other useful sequences providing for 
efficient and reliable translation initiation, rapid purification on a metal chelation column, and 
proteolytic removal with enterokinase. The PCR-amplified, poly-His tagged sequences are 
then ligated into an expression vector, which is used to transform an E. coli host based on strain 
52 (W31 10 fuhA(tonA) Ion galE rpoHts(htpRts) clpP(lacIq). Transformants are first grown in 
LB containing 50 mg/ml carbenicillin at 30°C with shaking until an O.D.600 of 3-5 is reached. 
Cultures are then diluted 50-100 fold into CRAP media (prepared by mixing 3.57 g 
(NH 4 ) 2 S0 4 , 0.71 g sodium citrate«2H20, 1.07 g KC1, 5.36 g Difco yeast extract, 5.36 g 
Sheffield hycase SF in 500 mL water, as well as 110 mM MPOS, pH 7.3, 0.55% (w/v) glucose 
and 7 mM MgS04) and grown for approximately 20-30 hours at 30°C with shaking. Samples 
are removed to verify expression by SDS-PAGE analysis, and the bulk culture is centrifuged to 
pellet the cells. Cell pellets are frozen until purification and refolding. 

[0413] E. coli paste from 0.5 to 1 L fermentations (6-1 0 g pellets) is resuspended in 
1 0 volumes (w/v) in 7 M guanidine, 20 mM Tris, pH 8 buffer. Solid sodium sulfite and sodium 
tetrathionate is added to make final concentrations of 0.1 M and 0.02 M, respectively, and the 
solution is stirred overnight at 4°C. This step results in a denatured protein with all cysteine 
residues blocked by sulfitolization. The solution is centrifuged at 40,000 rpm in a Beckman 
Ultracentifiige for 30 min. The supernatant is diluted with 3-5 volumes of metal chelate 
column buffer (6 M guanidine, 20 mM Tris, pH 7.4) and filtered through 0.22 micron filters to 
clarify. The clarified extract is loaded onto a 5 ml Qiagen Ni-NTA metal chelate column 
equilibrated in the metal chelate column buffer. The column is washed with additional buffer 
containing 50 mM imidazole (Calbiochem, Utrol grade), pH 7.4. The protein is eluted with 
buffer containing 250 mM imidazole. Fractions containing the desired protein are pooled and 
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stored at 4°C. Protein concentration is estimated by its absorbance at 280 nm using the 
calculated extinction coefficient based on its amino acid sequence. 

[0414] The proteins are refolded by diluting the sample slowly into freshly 
prepared refolding buffer consisting of: 20 mM Tris, pH 8.6, 0.3 M NaCl, 2.5 M urea, 5 mM 
cysteine, 20 mM glycine and 1 mM EDTA. Refolding volumes are chosen so that the final 
protein concentration is between 50 to 100 micrograms/ml. The refolding solution is stirred 
gently at 4°C for 12-36 hours. The refolding reaction is quenched by the addition of TFA to a 
final concentration of 0.4% (pH of approximately 3). Before further purification of the protein, 
the solution is filtered through a 0.22 micron filter and acetonitrile is added to 2-10% final 
concentration. The refolded protein is chromatographed on a Poros Rl/H reversed phase 
column using a mobile buffer of 0. 1 % TFA with elution with a gradient of acetonitrile from 1 0 
to 80%. Aliquots of fractions with A280 absorbance are analyzed on SDS polyacrylamide gels 
and fractions containing homogeneous refolded protein are pooled. Generally, the properly 
refolded species of most proteins are eluted at the lowest concentrations of acetonitrile since 
those species are the most compact with their hydrophobic interiors shielded from interaction 
with the reversed phase resin. Aggregated species are usually eluted at higher acetonitrile 
concentrations. In addition to resolving misfolded forms of proteins from the desired form, the 
reversed phase step also removes endotoxin from the samples. 

[0415] Fractions containing the desired folded PRO polypeptide are pooled and the 
acetonitrile removed using a gentle stream of nitrogen directed at the solution. Proteins are 
formulated into 20 mM Hepes, pH 6.8 with 0.14 M sodium chloride and 4% mannitol by 
dialysis or by gel filtration using G25 Superfine (Pharmacia) resins equilibrated in the 
formulation buffer and sterile filtered. 

[0416] Many of the PRO polypeptides disclosed herein were successfully 
expressed as described above. 
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EXAMPLE 7 
Expression of PRO in mammalian cells 

[0417] This example illustrates preparation of a potentially glycosylated form of 
PRO by recombinant expression in mammalian cells. 

[0418] The vector, pRK5 (see EP 307,247, published March 15, 1989), is 
employed as the expression vector. Optionally, the PRO DNA is ligated into pRK5 with 
selected restriction enzymes to allow insertion of the PRO DNA using ligation methods such 
as described in Sambrook et al., supra . The resulting vector is called pRK5-PRO. 

[0419] In one embodiment, the selected host cells may be 293 cells. Human 293 
cells (ATCC CCL 1573) are grown to confluence in tissue culture plates in medium such as 
DMEM supplemented with fetal calf serum and optionally, nutrient components and/or 
antibiotics. About 10 jxg pRK5-PRO DNA is mixed with about 1 jig DNA encoding the VA 
RNA gene [Thimmappaya et al., Cell, 31:543 (1982)] and dissolved in 500 ^1 of 1 mM 
Tris-HCl, 0.1 mM EDTA, 0.227 M CaCl 2 . To this mixture is added, dropwise, 500 jal of 50 
mM HEPES (pH 7.35), 280 mM NaCl, 1 .5 mM NaP0 4 , and a precipitate is allowed to form for 
10 minutes at 25°C. The precipitate is suspended and added to the 293 cells and allowed to 
settle for about four hours at 37°C. The culture medium is aspirated off and 2 ml of 20% 
glycerol in PBS is added for 30 seconds. The 293 cells are then washed with serum free 
medium, fresh medium is added and the cells are incubated for about 5 days. 

[0420] Approximately 24 hours after the transfections, the culture medium is 
removed and replaced with culture medium (alone) or culture medium containing 200 (iCi/ml 
35 S-cysteine and 200 jaCi/ml 35 S-methionine. After a 12 hour incubation, the conditioned 
medium is collected, concentrated on a spin filter, and loaded onto a 15% SDS gel. The 
processed gel may be dried and exposed to film for a selected period of time to reveal the 
presence of PRO polypeptide. The cultures containing transfected cells may undergo further 
incubation (in serum free medium) and the medium is tested in selected bioassays. 

[0421] In an alternative technique, PRO may be introduced into 293 cells 
transiently using the dextran sulfate method described by Somparyrac et al., Proc. Natl. Acad. 
ScL, 12:7575 (1981). 293 cells are grown to maximal density in a spinner flask and 700 jug 
pRK5-PRO DNA is added. The cells are first concentrated from the spinner flask by 
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centrifugation and washed with PBS. The DNA-dextran precipitate is incubated on the cell 
pellet for four hours. The cells are treated with 20% glycerol for 90 seconds, washed with 
tissue culture medium, and re-introduced into the spinner flask containing tissue culture 
medium, 5 \ig/m\ bovine insulin and 0.1 ng/ml bovine transferrin. After about four days, the 
conditioned media is centrifuged and filtered to remove cells and debris. The sample 
containing expressed PRO can then be concentrated and purified by any selected method, such 
as dialysis and/or column chromatography. 

[0422] In another embodiment, PRO can be expressed in CHO cells. The 
pRK5-PRO can be transfected into CHO cells using known reagents such as CaP04 or 
DEAE-dextran. As described above, the cell cultures can be incubated, and the medium 
replaced with culture medium (alone) or medium containing a radiolabel such as 
35 S-methionine. After determining the presence of PRO polypeptide, the culture medium may 
be replaced with serum free medium. Preferably, the cultures are incubated for about 6 days, 
and then the conditioned medium is harvested. The medium containing the expressed PRO can 
then be concentrated and purified by any selected method. 

[0423] Epitope-tagged PRO may also be expressed in host CHO cells. The PRO 
may be subcloned out of the pRK5 vector. The subclone insert can undergo PCR to fuse in 
frame with a selected epitope tag such as a poly-his tag into a Baculovirus expression vector. 
The poly-his tagged PRO insert can then be subcloned into a S V40 driven vector containing a 
selection marker such as DHFR for selection of stable clones. Finally, the CHO cells can be 
transfected (as described above) with the SV40 driven vector. Labeling may be performed, as 
described above, to verify expression. The culture medium containing the expressed poly-His 
tagged PRO can then be concentrated and purified by any selected method, such as by 
Ni -chelate affinity chromatography. 

[0424] PRO may also be expressed in CHO and/or COS cells by a transient 
expression procedure or in CHO cells by another stable expression procedure. 

[0425] Stable expression in CHO cells is performed using the following procedure. 
The proteins are expressed as an IgG construct (immunoadhesin), in which the coding 
sequences for the soluble forms (e.g. extracellular domains) of the respective proteins are fused 
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to an IgGl constant region sequence containing the hinge, CH2 and CH2 domains and/or is a 
poly-His tagged form. 

[0426] Following PCR amplification, the respective DNAs are subcloned in a CHO 
expression vector using standard techniques as described in Ausubel et al, Current Protocols 
of Molecular Biology , Unit 3.16, John Wiley and Sons (1997). CHO expression vectors are 
constructed to have compatible restriction sites 5' and 3' of the DNA of interest to allow the 
convenient shuttling of cDNA's. The vector used expression in CHO cells is as described in 
Lucas et al., Nucl. Acids Res. 24:9 (1774-1779 (1996), and uses the SV40 early 
promoter/enhancer to drive expression of the cDNA of interest and dihydrofolate reductase 
(DHFR). DHFR expression permits selection for stable maintenance of the plasmid following 
transfection. 

[0427] Twelve micrograms of the desired plasmid DNA is introduced into 
approximately 10 million CHO cells using commercially available transfection reagents 
Supcrfect® SUPERFECT™ (Ouiagen). Dospcr * DOSPER™ or Fugcnc* FUGENE™ 
(Boehringer Mannheim). The cells are grown as described in Lucas et al., supra . 
Approximately 3 x 10" 7 cells are frozen in an ampule for further growth and production as 
described below. 

[0428] The ampules containing the plasmid DNA are thawed by placement into 
water bath and mixed by vortexing. The contents are pipetted into a centrifuge tube containing 
10 mLs of media and centrifuged at 1000 rpm for 5 minutes. The supernatant is aspirated and 
the cells are resuspended in 10 mL of selective media (0.2 |im filtered PS20 with 5% 0.2 |im 
diafiltered fetal bovine serum). The cells are then aliquoted into a 100 mL spinner containing 
90 mL of selective media. After 1-2 days, the cells are transferred into a 250 mL spinner filled 
with 150 mL selective growth medium and incubated at 37°C. After another 2-3 days, 250 mL, 
500 mL and 2000 mL spinners are seeded with 3 x 10 5 cells/mL. The cell media is exchanged 
with fresh media by centrifiigation and resuspension in production medium. Although any 
suitable CHO media may be employed, a production medium described in U.S. Patent No. 
5,122,469, issued June 16, 1992 may actually be used. A 3L production spinner is seeded at 
1.2 x 10 6 cells/mL. On day 0, the cell number pH ie determined. On day 1, the spinner is 
sampled and sparging with filtered air is commenced. On day 2, the spinner is sampled, the 
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temperature shifted to 33°C, and 30 mL of 500 g/L glucose and 0.6 mL of 10% antifoam (e.g., 
35% polydimethylsiloxane emulsion, Dow Corning 365 Medical Grade Emulsion) taken. 
Throughout the production, the pH is adjusted as necessary to keep it at around 7.2. After 10 
days, or until the viability dropped below 70%, the cell culture is harvested by centrifugation 
and filtering through a 0.22 \im filter. The filtrate was either stored at 4°C or immediately 
loaded onto columns for purification. 

[0429] For the poly-His tagged constructs, the proteins are purified using a Ni-NTA 
column (Qiagen). Before purification, imidazole is added to the conditioned media to a 
concentration of 5 mM. The conditioned media is pumped onto a 6 ml Ni-NTA column 
equilibrated in 20 mM Hepes, pH 7.4, buffer containing 0.3 M NaCl and 5 mM imidazole at a 
flow rate of 4-5 ml/min. at 4°C. After loading, the column is washed with additional 
equilibration buffer and the protein eluted with equilibration buffer containing 0.25 M 
imidazole. The highly purified protein is subsequently desalted into a storage buffer containing 
10 mM Hepes, 0.14 M NaCl and 4% mannitol, pH 6.8, with a 25 ml G25 Superfine 
(Pharmacia) column and stored at -80°C. 

[0430] Immunoadhesin (Fc-containing) constructs are purified from the 
conditioned media as follows. The conditioned medium is pumped onto a 5 ml Protein A 
column (Pharmacia) which had been equilibrated in 20 mM Na phosphate buffer, pH 6.8. 
After loading, the column is washed extensively with equilibration buffer before elution with 
100 mM citric acid, pH 3.5. The eluted protein is immediately neutralized by collecting 1 ml 
fractions into tubes containing 275 |iL of 1 M Tris buffer, pH 9. The highly purified protein is 
subsequently desalted into storage buffer as described above for the poly-His tagged proteins. 
The homogeneity is assessed by SDS polyacrylamide gels and by N-terminal amino acid 
sequencing by Edman degradation. 

[0431] Many of the PRO polypeptides disclosed herein were successfully 
expressed as described above. 

EXAMPLE 8 
Expression of PRO in Yeast 
[0432] The following method describes recombinant expression of PRO in yeast. 
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[0433] First, yeast expression vectors are constructed for intracellular production 
or secretion of PRO from the ADH2/GAPDH promoter. DNA encoding PRO and the 
promoter is inserted into suitable restriction enzyme sites in the selected plasmid to direct 
intracellular expression of PRO. For secretion, DNA encoding PRO can be cloned into the 
selected plasmid, together with DNA encoding the ADH2/GAPDH promoter, a native PRO 
signal peptide or other mammalian signal peptide, or, for example, a yeast alpha-factor or 
invertase secretory signal/leader sequence, and linker sequences (if needed) for expression of 
PRO. 

[0434] Yeast cells, such as yeast strain AB1 10, can then be transformed with the 
expression plasmids described above and cultured in selected fermentation media. The 
transformed yeast supernatants can be analyzed by precipitation with 10% trichloroacetic acid 
and separation by SDS-PAGE, followed by staining of the gels with Coomassie Blue stain. 

[0435] Recombinant PRO can subsequently be isolated and purified by removing 
the yeast cells from the fermentation medium by centrifugation and then concentrating the 
medium using selected cartridge filters. The concentrate containing PRO may further be 
purified using selected column chromatography resins. 

[0436] Many of the PRO polypeptides disclosed herein were successfully 
expressed as described above. 

EXAMPLE 9 

Expression of PRO in Baculovirus-Infected Insect Cells 
[0437] The following method describes recombinant expression of PRO in 
Baculovirus-infected insect cells. 

[0438] The sequence coding for PRO is fused upstream of an epitope tag contained 
within a baculovirus expression vector. Such epitope tags include poly-his tags and 
immunoglobulin tags (like Fc regions of IgG). A variety of plasmids may be employed, 
including plasmids derived from commercially available plasmids such as pVL1393 
(Novagen). Briefly, the sequence encoding PRO or the desired portion of the coding sequence 
of PRO such as the sequence encoding the extracellular domain of a transmembrane protein or 
the sequence encoding the mature protein if the protein is extracellular is amplified by PCR 
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with primers complementary to the 5' and 3' regions. The 5' primer may incorporate flanking 
(selected) restriction enzyme sites. The product is then digested with those selected restriction 
enzymes and subcloned into the expression vector. 

[0439] Recombinant baculovirus is generated by co-transfecting the above plasmid 
and BaculoGold ™ BACULOGOLD™ virus DNA (Pharmingen) into Spodoptera frugiperda 
("Sf9") cells (ATCC CRL 1711) using lipofcctin LIPOFECTIN cationic lipid (commercially 
available from GIBCO-BRL). After 4 - 5 days of incubation at 28°C, the released viruses are 
harvested and used for further amplifications. Viral infection and protein expression are 
performed as described by O'Reilley et al., Baculovirus expression vectors: A Laboratory 
Manual Oxford: Oxford University Press (1994). 

[0440] Expressed poly-his tagged PRO can then be purified, for example, by 
Ni 2+ -chelate affinity chromatography as follows. Extracts are prepared from recombinant 
virus-infected Sf9 cells as described by Rupert et al., Nature , 362 : 1 75-179 (1993). Briefly, Sf9 
cells are washed, resuspended in sonication buffer (25 mL Hepes, pH 7.9; 12.5 mM MgCb; 0.1 
mM EDTA; 10% glycerol; 0.1% NP-40; 0.4 M KC1), and sonicated twice for 20 seconds on 
ice. The sonicates are cleared by centrifugation, and the supernatant is diluted 50-fold in 
loading buffer (50 mM phosphate, 300 mM NaCl, 10% glycerol, pH 7.8) and filtered through 
a 0.45 jim filter. A Ni 2+ -NTA agarose column (commercially available from Qiagen) is 
prepared with a bed volume of 5 mL, washed with 25 mL of water and equilibrated with 25 mL 
of loading buffer. The filtered cell extract is loaded onto the column at 0.5 mL per minute. The 
column is washed to baseline A 2 8o with loading buffer, at which point fraction collection is 
started. Next, the column is washed with a secondary wash buffer (50 mM phosphate; 300 mM 
NaCl, 10% glycerol, pH 6.0), which elutes nonspecifically bound protein. After reaching A280 
baseline again, the column is developed with a 0 to 500 mM Imidazole gradient in the 
secondary wash buffer. One mL fractions are collected and analyzed by SDS-PAGE and silver 
staining or Western blot with Ni 2+ -NTA-conjugated to alkaline phosphatase (Qiagen). 
Fractions containing the eluted Hisio-tagged PRO are pooled and dialyzed against loading 
buffer. 
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[0441] Alternatively, purification of the IgG tagged (or Fc tagged) PRO can be 
performed using known chromatography techniques, including for instance, Protein A or 
protein G column chromatography. 

[0442] Many of the PRO polypeptides disclosed herein were successfully 
expressed as described above. 

EXAMPLE 10 
Preparation of Antibodies that Bind PRO 
[0443] This example illustrates preparation of monoclonal antibodies which can 
specifically bind PRO. 

[0444] Techniques for producing the monoclonal antibodies are known in the art 
and are described, for instance, in Goding, supra . Immunogens that may be employed include 
purified PRO, fusion proteins containing PRO, and cells expressing recombinant PRO on the 
cell surface. Selection of the immunogen can be made by the skilled artisan without undue 
experimentation. 

[0445] Mice, such as Balb/c, are immunized with the PRO immunogen emulsified 
in complete Freund's adjuvant and injected subcutaneously or intraperitoneally in an amount 
from 1-100 micrograms. Alternatively, the immunogen is emulsified in MPL-TDM adjuvant 
(Ribi Immunochemical Research, Hamilton, MT) and injected into the animal's hind foot pads. 
The immunized mice are then boosted 10 to 12 days later with additional immunogen 
emulsified in the selected adjuvant. Thereafter, for several weeks, the mice may also be 
boosted with additional immunization injections. Serum samples may be periodically obtained 
from the mice by retro-orbital bleeding for testing in ELISA assays to detect anti-PRO 
antibodies. 

[0446] After a suitable antibody titer has been detected, the animals "positive" for 
antibodies can be injected with a final intravenous injection of PRO. Three to four days later, 
the mice are sacrificed and the spleen cells are harvested. The spleen cells are then fused (using 
35% polyethylene glycol) to a selected murine myeloma cell line such as P3X63AgU.l, 
available from ATCC, No. CRL 1597. The fusions generate hybridoma cells which can then 
be plated in 96 well tissue culture plates containing HAT (hypoxanthine, aminopterin, and 
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thymidine) medium to inhibit proliferation of non-fused cells, myeloma hybrids, and spleen 
cell hybrids. 

[0447] The hybridoma cells will be screened in an ELISA for reactivity against 
PRO. Determination of "positive" hybridoma cells secreting the desired monoclonal 
antibodies against PRO is within the skill in the art. 

[0448] The positive hybridoma cells can be injected intraperitoneally into 
syngeneic Balb/c mice to produce ascites containing the anti-PRO monoclonal antibodies. 
Alternatively, the hybridoma cells can be grown in tissue culture flasks or roller bottles. 
Purification of the monoclonal antibodies produced in the ascites can be accomplished using 
ammonium sulfate precipitation, followed by gel exclusion chromatography. Alternatively, 
affinity chromatography based upon binding of antibody to protein A or protein G can be 
employed. 

EXAMPLE 11: Purification of PRO Polypeptides Using Specific Antibodies 

[0449] Native or recombinant PRO polypeptides may be purified by a variety of 
standard techniques in the art of protein purification. For example, pro-PRO polypeptide, 
mature PRO polypeptide, or pre-PRO polypeptide is purified by immunoaffinity 
chromatography using antibodies specific for the PRO polypeptide of interest. In general, an 
immunoaffinity column is constructed by covalently coupling the anti-PRO polypeptide 
antibody to an activated chromatographic resin. 

[0450] Polyclonal immunoglobulins are prepared from immune sera either by 
precipitation with ammonium sulfate or by purification on immobilized Protein A (Pharmacia 
LKB Biotechnology, Piscataway, N.J.). Likewise, monoclonal antibodies are prepared from 
mouse ascites fluid by ammonium sulfate precipitation or chromatography on immobilized 
Protein A. Partially purified immunoglobulin is covalently attached to a chromatographic resin 
such as CnBr-activated SEPHAROSE™ (Pharmacia LKB Biotechnology). The antibody is 
coupled to the resin, the resin is blocked, and the derivative resin is washed according to the 
manufacturer's instructions. 

[0451] Such an immunoaffinity column is utilized in the purification of PRO 
polypeptide by preparing a fraction from cells containing PRO polypeptide in a soluble form. 
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This preparation is derived by solubilization of the whole cell or of a subcellular fraction 
obtained via differential centrifugation by the addition of detergent or by other methods well 
known in the art. Alternatively, soluble PRO polypeptide containing a signal sequence may be 
secreted in useful quantity into the medium in which the cells are grown. 

[0452] A soluble PRO polypeptide-containing preparation is passed over the 
immunoaffinity column, and the column is washed under conditions that allow the preferential 
absorbance of PRO polypeptide (e.g., high ionic strength buffers in the presence of detergent). 
Then, the column is eluted under conditions that disrupt antibody/PRO polypeptide binding 
(e.g., a low pH buffer such as approximately pH 2-3, or a high concentration of a chaotrope 
such as urea or thiocyanate ion), and PRO polypeptide is collected. 

EXAMPLE 12: Drug Screening 

[0453] This invention is particularly useful for screening compounds by using PRO 
polypeptides or binding fragment thereof in any of a variety of drug screening techniques. The 
PRO polypeptide or fragment employed in such a test may either be free in solution, affixed to 
a solid support, borne on a cell surface, or located intracellularly. One method of drug 
screening utilizes eukaryotic or prokaryotic host cells which are stably transformed with 
recombinant nucleic acids expressing the PRO polypeptide or fragment. Drugs are screened 
against such transformed cells in competitive binding assays. Such cells, either in viable or 
fixed form, can be used for standard binding assays. One may measure, for example, the 
formation of complexes between PRO polypeptide or a fragment and the agent being tested. 
Alternatively, one can examine the diminution in complex formation between the PRO 
polypeptide and its target cell or target receptors caused by the agent being tested. 

[0454] Thus, the present invention provides methods of screening for drugs or any 
other agents which can affect a PRO polypeptide-associated disease or disorder. These 
methods comprise contacting such an agent with an PRO polypeptide or fragment thereof and 
assaying (I) for the presence of a complex between the agent and the PRO polypeptide or 
fragment, or (ii) for the presence of a complex between the PRO polypeptide or fragment and 
the cell, by methods well known in the art. In such competitive binding assays, the PRO 
polypeptide or fragment is typically labeled. After suitable incubation, free PRO polypeptide 
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or fragment is separated from that present in bound form, and the amount of free or 
uncomplexed label is a measure of the ability of the particular agent to bind to PRO 
polypeptide or to interfere with the PRO polypeptide/cell complex. 

[0455] Another technique for drug screening provides high throughput screening 
for compounds having suitable binding affinity to a polypeptide and is described in detail in 
WO 84/03564, published on September 13, 1984. Briefly stated, large numbers of different 
small peptide test compounds are synthesized on a solid substrate, such as plastic pins or some 
other surface. As applied to a PRO polypeptide, the peptide test compounds are reacted with 
PRO polypeptide and washed. Bound PRO polypeptide is detected by methods well known in 
the art. Purified PRO polypeptide can also be coated directly onto plates for use in the 
aforementioned drug screening techniques. In addition, non-neutralizing antibodies can be 
used to capture the peptide and immobilize it on the solid support. 

[0456] This invention also contemplates the use of competitive drug screening 
assays in which neutralizing antibodies capable of binding PRO polypeptide specifically 
compete with a test compound for binding to PRO polypeptide or fragments thereof. In this 
manner, the antibodies can be used to detect the presence of any peptide which shares one or 
more antigenic determinants with PRO polypeptide. 

EXAMPLE 13 
Rational Drug Design 

[0457] The goal of rational drug design is to produce structural analogs of 
biologically active polypeptide of interest (i.e., a PRO polypeptide) or of small molecules with 
which they interact, e.g., agonists, antagonists, or inhibitors. Any of these examples can be 
used to fashion drugs which are more active or stable forms of the PRO polypeptide or which 
enhance or interfere with the function of the PRO polypeptide in vivo (c.f, Hodgson, 
Bio/Technology , 9: 19-21 (1991)). 

[0458] In one approach, the three-dimensional structure of the PRO polypeptide, or 
of an PRO polypeptide-inhibitor complex, is determined by x-ray crystallography, by computer 
modeling or, most typically, by a combination of the two approaches. Both the shape and 
charges of the PRO polypeptide must be ascertained to elucidate the structure and to determine 
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active site(s) of the molecule. Less often, useful information regarding the structure of the PRO 
polypeptide may be gained by modeling based on the structure of homologous proteins. In both 
cases, relevant structural information is used to design analogous PRO polypeptide-like 
molecules or to identify efficient inhibitors. Useful examples of rational drug design may 
include molecules which have improved activity or stability as shown by Braxton and Wells, 
Biochemistry, 31:7796-7801 (1992) or which act as inhibitors, agonists, or antagonists of 
native peptides as shown by Athauda et aL, J. Biochem. . 113:742-746 (1993). 

[0459] It is also possible to isolate a target-specific antibody, selected by functional 
assay, as described above, and then to solve its crystal structure. This approach, in principle, 
yields a pharmacore upon which subsequent drug design can be based. It is possible to bypass 
protein crystallography altogether by generating anti-idiotypic antibodies (anti-ids) to a 
functional, pharmacologically active antibody. As a mirror image of a mirror image, the 
binding site of the anti-ids would be expected to be an analog of the original receptor. The 
anti-id could then be used to identify and isolate peptides from banks of chemically or 
biologically produced peptides. The isolated peptides would then act as the pharmacore. 

[0460] By virtue of the present invention, sufficient amounts of the PRO 
polypeptide maybe made available to perform such analytical studies as X-ray crystallography. 
In addition, knowledge of the PRO polypeptide amino acid sequence provided herein will 
provide guidance to those employing computer modeling techniques in place of or in addition 
to x-ray crystallography. 

EXAMPLE 14 
Pericyte c-Fos Induction (Assay 93) 
[0461] This assay shows that certain polypeptides of the invention act to induce the 
expression of c-fos in pericyte cells and, therefore, are useful not only as diagnostic markers for 
particular types of pericyte-associated tumors but also for giving rise to antagonists which 
would be expected to be useful for the therapeutic treatment of pericyte-associated tumors. 
Induction of c-fos expression in pericytes is also indicative of the induction of angiogenesis 
and, as such, PRO polypeptides capable of inducing the expression of c-fos would be expected 
to be useful for the treatment of conditions where induced angiogenesis would be beneficial 
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including, for example, wound healing, and the like. Specifically, on day 1, pericytes are 
received from VEC Technologies and all but 5 ml of media is removed from flask. On day 2, 
the pericytes are trypsinized, washed, spun and then plated onto 96 well plates. On day 7, the 
media is removed and the pericytes are treated with 100 jil of PRO polypeptide test samples 
and controls (positive control = DME+5% serum +/- PDGF at 500 ng/ml; negative control = 
protein 32). Replicates are averaged and SD/CV are determined. Fold increase over Protein 
32 (buffer control) value indicated by chemiluminescence units (RLU) luminometer reading 
verses frequency is plotted on a histogram. Two-fold above Protein 32 value is considered 
positive for the assay. ASY Matrix: Growth media = low glucose DMEM = 20% FBS + IX 
pen strep + IX fungizone. Assay Media = low glucose DMEM +5% FBS. 

[0462] The following polypeptides tested positive in this assay: PRO 1347 and 
PRO1340. 

EXAMPLE 15 

Ability of PRO Polypeptides to Stimulate the Release of Proteoglycans from Cartilage 

(Assay 97) 

[0463] The ability of various PRO polypeptides to stimulate the release of 
proteoglycans from cartilage tissue was tested as follows. 

[0464] The metacarpophalangeal joint of 4-6 month old pigs was aseptically 
dissected, and articular cartilage was removed by free hand slicing being careful to avoid the 
underlying bone. The cartilage was minced and cultured in bulk for 24 hours in a humidified 
atmosphere of 95% air, 5% C0 2 in serum free (SF) media (DME/F12 1:1) woth 0.1% BSA and 
lOOU/ml penicillin and 100|ig/ml streptomycin. After washing three times, approximately 100 
mg of articular cartilage was aliquoted into micronics tubes and incubated for an additional 24 
hours in the above SF media. PRO polypeptides were then added at 1% either alone or in 
combination with 18 ng/ml interleukin-la, a known stimulator of proteoglycan release from 
cartilage tissue. The supernatant was then harvested and assayed for the amount of 
proteoglycans using the 1,9-dimethyl-methylene blue (DMB) colorimetric assay (Farndale and 
Buttle, Biochem. Biophys. Acta 883:173-177 (1985)). A positive result in this assay indicates 
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that the test polypeptide will find use, for example, in the treatment of sports-related joint 
problems, articular cartilage defects, osteoarthritis or rheumatoid arthritis. 

[0465] When various PRO polypeptides were tested in the above assay, the 
polypeptides demonstrated a marked ability to stimulate release of proteoglycans from 
cartilage tissue both basally and after stimulation with interleukin-la and at 24 and 72 hours 
after treatment, thereby indicating that these PRO polypeptides are useful for stimulating 
proteoglycan release from cartilage tissue. As such, these PRO polypeptides are useful for the 
treatment of sports-related joint problems, articular cartilage defects, osteoarthritis or 
rheumatoid arthritis. The polypeptides testing positive in this assay are: PR01565, PR01693, 
PRO1801 andPRO10096. 

EXAMPLE 16 

Detection of Polypeptides That Affect Glucose or FFA Uptake in Skeletal Muscle (Assay 106) 
[0466] This assay is designed to determine whether PRO polypeptides show the 
ability to affect glucose or FFA uptake by skeletal muscle cells. PRO polypeptides testing 
positive in this assay would be expected to be useful for the therapeutic treatment of disorders 
where either the stimulation or inhibition of glucose uptake by skeletal muscle would be 
beneficial including, for example, diabetes or hyper- or hypo-insulinemia. 

[0467] In a 96 well format, PRO polypeptides to be assayed are added to primary 
rat differentiated skeletal muscle, and allowed to incubate overnight. Then fresh media with 
the PRO polypeptide and +/- insulin are added to the wells. The sample media is then 
monitored to determine glucose and FFA uptake by the skeletal muscle cells. The insulin will 
stimulate glucose and FFA uptake by the skeletal muscle, and insulin in media without the 
PRO polypeptide is used as a positive control, and a limit for scoring. As the PRO polypeptide 
being tested may either stimulate or inhibit glucose and FFA uptake, results are scored as 
positive in the assay if greater than 1 .5 times or less than 0.5 times the insulin control. 

[0468] The following PRO polypeptides tested positive as either stimulators or 
inhibitors of glucose and/or FFA uptake in this assay: PRO4405. 
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EXAMPLE 17 

Identification of PRO Polypeptides That Stimulate TNF-a Release In Human Blood 

(Assay 128) 

[0469] This assay shows that certain PRO polypeptides of the present invention act 
to stimulate the release of TNF-a in human blood. PRO polypeptides testing positive in this 
assay are useful for, among other things, research purposes where stimulation of the release of 
TNF-a would be desired and for the therapeutic treatment of conditions wherein enhanced 
TNF-a release would be beneficial. Specifically, 200 ^1 of human blood supplemented with 
50mM Hepes buffer (pH 7.2) is aliquotted per well in a 96 well test plate. To each well is then 
added 300|il of either the test PRO polypeptide in 50 mM Hepes buffer (at various 
concentrations) or 50 mM Hepes buffer alone (negative control) and the plates are incubated at 
37°C for 6 hours. The samples are then centrifuged and 50nl of plasma is collected from each 
well and tested for the presence of TNF-a by ELISA assay. A positive in the assay is a higher 
amount of TNF-a in the PRO polypeptide treated samples as compared to the negative control 
samples. 

[0470] The following PRO polypeptides tested positive in this assay: PR0263. 
PR0295, PR01282, PRO1063, PR01356, PR03543, and PRO5990. 

EXAMPLE 18 

Tumor Versus Normal Differential Tissue Expression Distribution 
[0471] Oligonucleotide probes were constructed from some of the PRO 
polypeptide-encoding nucleotide sequences shown in the accompanying figures for use in 
quantitative PCR amplification reactions. The oligonucleotide probes were chosen so as to 
give an approximately 200-600 base pair amplified fragment from the 3' end of its associated 
template in a standard PCR reaction. The oligonucleotide probes were employed in standard 
quantitative PCR amplification reactions with cDNA libraries isolated from different human 
tumor and normal human tissue samples and analyzed by agarose gel electrophoresis so as to 
obtain a quantitative determination of the level of expression of the PRO polypeptide-encoding 
nucleic acid in the various tumor and normal tissues tested. B-actin was used as a control to 
assure that equivalent amounts of nucleic acid was used in each reaction. Identification of the 
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differential expression of the PRO polypeptide-encoding nucleic acid in one or more tumor 
tissues as compared to one or more normal tissues of the same tissue type renders the molecule 
useful diagnostically for the determination of the presence or absence of tumor in a subject 
suspected of possessing a tumor as well as therapeutically as a target for the treatment of a 
tumor in a subject possessing such a tumor. These assays provided the following results. 



Molecule 
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normal lung 


lung tumor 








DNA45409-251 1 


melanoma tumor 


normal skin 
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Molecule 


is more hiqhlv expressed in: 


as compared to: 
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Molecule 


is more hiahlv expressed in: 
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Molecule 


is more hiqhlv expressed in: 


as com Dared to: 
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melanoma tumor 


normal skin 








DNA82302-2529 


normal stomach 


stomach tumor 
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Molecule 


is more hiahlv expressed in: 


as compared to: 








DNA82340-2530 
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EXAMPLE 19 
Identification of Receptor/Li gand Interactions 

[0472] In this assay, various PRO polypeptides are tested for ability to bind to a 
panel of potential receptor or ligand molecules for the purpose of identifying receptor/ligand 
interactions. The identification of a ligand for a known receptor, a receptor for a known ligand 
or a novel receptor/ligand pair is useful for a variety of indications including, for example, 
targeting bioactive molecules (linked to the ligand or receptor) to a cell known to express the 
receptor or ligand, use of the receptor or ligand as a reagent to detect the presence of the ligand 
or receptor in a composition suspected of containing the same, wherein the composition may 
comprise cells suspected of expressing the ligand or receptor, modulating the growth of or 
another biological or immunological activity of a cell known to express or respond to the 
receptor or ligand, modulating the immune response of cells or toward cells that express the 
receptor or ligand, allowing the preparaion of agonists, antagonists and/or antibodies directed 
against the receptor or ligand which will modulate the growth of or a biological or 
immunological activity of a cell expressing the receptor or ligand, and various other indications 
which will be readily apparent to the ordinarily skilled artisan. 

[0473] The assay is performed as follows. A PRO polypeptide of the present 
invention suspected of being a ligand for a receptor is expressed as a fusion protein containing 
the Fc domain of human IgG (an immunoadhesin). Receptor-ligand binding is detected by 
allowing interaction of the immunoadhesin polypeptide with cells (e.g. Cos cells) expressing 
candidate PRO polypeptide receptors and visualization of bound immunoadhesin with 
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fluorescent reagents directed toward the Fc fusion domain and examination by microscope. 
Cells expressing candidate receptors are produced by transient transfection, in parallel, of 
defined subsets of a library of cDNA expression vectors encoding PRO polypeptides that may 
function as receptor molecules. Cells are then incubated for 1 hour in the presence of the PRO 
polypeptide immunoadhesin being tested for possible receptor binding. The cells are then 
washed and fixed with paraformaldehyde. The cells are then incubated with fluorescent 
conjugated antibody directed against the Fc portion of the PRO polypeptide immunoadhesin 
(e.g. FITC conjugated goat anti-human-Fc antibody). The cells are then washed again and 
examined by microscope. A positive interaction is judged by the presence of fluorescent 
labeling of cells transfected with cDNA encoding a particular PRO polypeptide receptor or 
pool of receptors and an absence of similar fluorescent labeling of similarly prepared cells that 
have been transfected with other cDNA or pools of cDNA. If a defined pool of cDNA 
expression vectors is judged to be positive for interaction with a PRO polypeptide 
immunoadhesin, the individual cDNA species that comprise the pool are tested individually 
(the pool is "broken down") to determine the specific cDNA that encodes a receptor able to 
interact with the PRO polypeptide immunoadhesin. 

[0474] In another embodiment of this assay, an epitope-tagged^ potential ligand 
PRO polypeptide (e.g. 8 histidine "His" tag) is allowed to interact with a panel of potential 
receptor PRO polypeptide molecules that have been expressed as fusions with the Fc domain 
of human IgG (immunoadhesins). Following a 1 hour co-incubation with the epitope tagged 
PRO polypeptide, the candidate receptors are each immunoprecipitated with protein A beads 
and the beads are washed. Potential ligand interaction is determined by western blot analysis 
of the immunoprecipitated complexes with antibody directed towards the epitope tag. An 
interaction is judged to occur if a band of the anticipated molecular weight of the epitope 
tagged protein is observed in the 

[0475] western blot analysis with a candidate receptor, but is not observed to occur 
with the other members of the panel of potential receptors. 

[0476] Using these assays, the following receptor/ligand interactions have been 
herein identified: 

(1) PRO10272 binds to PRO5801. 
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(2) PRO20110 binds to the human IL-17 receptor (Yao et al., Cytokine 
9(1 1):794-800 (1997); also herein designated as PROl) and to PRO20040. 

(3) PROl 0096 binds to PRO20233. 

(4) PRO19670 binds to PROl 890. 

[0477] The foregoing written specification is considered to be sufficient to enable 
one skilled in the art to practice the invention. The present invention is not to be limited in 
scope by the construct deposited, since the deposited embodiment is intended as a single 
illustration of certain aspects of the invention and any constructs that are functionally 
equivalent are within the scope of this invention. The deposit of material herein does not 
constitute an admission that the written description herein contained is inadequate to enable the 
practice of any aspect of the invention, including the best mode thereof, nor is it to be construed 
as limiting the scope of the claims to the specific illustrations that it represents. Indeed, various 
modifications of the invention in addition to those shown and described herein will become 
apparent to those skilled in the art from the foregoing description and fall within the scope of 
the appended claims. 
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SECRETED AND TRANSMEMBRANE POLYPEPTIDES AND NUCLEIC ACIDS 

ENCODING THE SAME 

Abstract of the Disclosure 
The present invention is directed to novel polypeptides and to nucleic acid molecules 
encoding those polypeptides. Also provided herein are vectors and host cells comprising those 
nucleic acid sequences, chimeric polypeptide molecules comprising the polypeptides of the 
present invention fused to heterologous polypeptide sequences, antibodies which bind to the 
polypeptides of the present invention and to methods for producing the polypeptides of the 
present invention. 
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FIGURE 1 

GGGGCTTCGGCGCCAGCGGCCAGCGCTAGTCGGTCTGGTAAGGATTTACAAAAGGTGCAGGTATG 
AGCAGGTCTGAAGACTAACATTTTGTGAAGTTGTAAAACAGAAAACCTGTTAGAAATGTGGTGGT 
TTCAGCAAGGCCTCAGTTTCCTTCCTTCAGCCCTTGTAATTTGGACATCTGCTGCTTTCATATTT 
TCATACATTACTGCAGTAACACTCCACCATATAGACCCGGCTTTACCTTATATCAGTGACACTGG 
TACAGTAGCTCCAGAAAAATGCTTATTTGGGGCAATGCTAAATATTGCGGCAGTTTTATGCATTG 
CTACCATTTATGTTCGTTATAAGCAAGTTCATGCTCTGAGTCCTGAAGAGAACGTTATCATCAAA 
TTAAACAAGGCTGGCCTTGTACTTGGAATACTGAGTTGTTTAGGACTTTCTATTGTGGCAAACTT 
CCAGAAAACAACCCTTTTTGCTGCACATGTAAGTGGAGCTGTGCTTACCTTTGGTATGGGCTCAT 
TATATATGTTTGTTCAGACCATCCTTTCCTACCAAATGCAGCCCAAAATCCATGGCAAACAAGTC 
TTCTGGATCAGACTGTTGTTGGTTATCTGGTGTGGAGTAAGTGCACTTAGCATGCTGACTTGCTC 
ATCAGTTTTGCACAGTGGCAATTTTGGGACTGATTTAGAACAGAAACTCCATTGGAACCCCGAGG 
ACAAAGGTTATGTGCTTCACATGATCACTACTGCAGCAGAATGGTCTATGTCATTTTCCTTCTTT 
GGTTTTTTCCTGACTTACATTCGTGATTTTCAGAAAATTTCTTTACGGGTGGAAGCCAATTTACA 
TGGATTAACCCTCTATGACACTGCACCTTGCCCTATTAACAATGAACGAACACGGCTACTTTCCA 
GAGATATTTGATGAAAGGATAAAATATTTCTGTAATGATTATGATTCTCAGGGATTGGGGAAAGG 
TTCACAGAAGTTGCTTATTCTTCTCTGAAATTTTCAACCACTTAATCAAGGCTGACAGTAACACT 
G ATG AAT GC T G AT AAT C AGG AAAC AT G AAAGAAG C CAT T TG AT AGAT T AT T C T AAAG GAT AT CAT 
CAAGAAGACTATTAAAAACACCTATGCCTATACTTTTTTATCTCAGAAAATAAAGTCAAAAGACT 
ATG 
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FIGURE 2 

<subunit 1 of 1, 266 aa, 1 stop 
<MW: 29766, pi: 8.39, NX(S/T): 0 

MWWFQQGLSFLPSALVIWTSAAFIFSYITAVTLHHIDPALPYISDTGTVAPEKCLFGAMLNIAAV 
LCIATIYVRYKQVHALSPEENVIIKLNKAGLVLGILSCLGLSIVANFQKTTLFAAHVSGAVLTFG 
MGSLYMFVQTILSYQMQPKIHGKQVFWIRLLLVIWCGVSALSMLTCSSVLHSGNFGTDLEQKLHW 
NPEDKGYVLHMITTAAEWSMSFSFFGFFLTYIRDFQKISLRVEANLHGLTLYDTAPCPINNERTR 
LLSRDI 

Important features: 

Type II transmembrane domain: 

amino acids 13-33 

Other Transmembrane domains: 

amino acids 54-73, 94-113, 160-180, 122-141 

N-myristoylation sites . 

amino acids 57-63, 95-101, 99-105, 124-130, 183-189 



3/168 



FIGURE 3 

CGGACGCGTGGGCGGACGCGTGGGGGAGAGCCGCAGTCCCGGCTGCAGCACCTGGGAGAAGGCAG 
ACCGTGTGAGGGGGCCTGTGGCCCCAGCGTGCTGTGGCCTCGGGGAGTGGGAAGTGGAGGCAGGA 
GCCTTCCTTACACTTCGCCATGAGTTTCCTCATCGACTCCAGCATCATGATTACCTCCCAGATAC 
TATTTTTTGGATTTGGGTGGCTTTTCTTCATGCGCCAATTGTTTAAAGACTATGAGATACGTCAG 
TATGTTGTACAGGTGATCTTCTCCGTGACGTTTGCATTTTCTTGCACCATGTTTGAGCTCATCAT 
CTTTGAAATCTTAGGAGTATTGAATAGCAGCTCCCGTTATTTTCACTGGAAAATGAACCTGTGTG 
TAATTCTGCTGATCCTGGTTTTCATGGTGCCTTTTTACATTGGCTATTTTATTGTGAGCAATATC 
CGACTACTGCATAAACAACGACTGCTTTTTTCCTGTCTCTTATGGCTGACCTTTATGTATTTCTT 
CTGGAAACTAGGAGATCCCTTTCCCATTCTCAGCCCAAAACATGGGATCTTATCCATAGAACAGC 
TCATCAGCCGGGTTGGTGTGATTGGAGTGACTCTCATGGCTCTTCTTTCTGGATTTGGTGCTGTC 
AACTGCCCATACACTTACATGTCTTACTTCCTCAGGAATGTGACTGACACGGATATTCTAGCCCT 
GGAACGGCGACTGCTGCAAACCATGGATATGATCATAAGCAAAAAGAAAAGGATGGCAATGGCAC 
GGAGAACAATGTTCCAGAAGGGGGAAGTGCATAACAAACCATCAGGTTTCTGGGGAATGATAAAA 
AGTGTTACCACTTCAGCATCAGGAAGTGAAAATCTTACTCTTATTCAACAGGAAGTGGATGCTTT 
GGAAGAATTAAGCAGGCAGCTTTTTCTGGAAACAGCTGATCTATATGCTACCAAGGAGAGAATAG 
AATACTCCAAAACCTTCAAGGGGAAATATTTTAATTTTCTTGGTTACTTTTTCTCTATTTACTGT 
GTTTGGAAAATTTTCATGGCTACCATCAATATTGTTTTTGATCGAGTTGGGAAAACGGATCCTGT 
CACAAGAGGCATTGAGATCACTGTGAATTATCTGGGAATCCAATTTGATGTGAAGTTTTGGTCCC 
AACACATTTCCTTCATTCTTGTTGGAATAATCATCGTCACATCCATCAGAGGATTGCTGATCACT 
CTTACCAAGTTCTTTTATGCCATCTCTAGCAGTAAGTCCTCCAATGTCATTGTCCTGCTATTAGC 
ACAGATAATGGGCATGTACTTTGTCTCCTCTGTGCTGCTGATCCGAATGAGTATGCCTTTAGAAT 
ACCGCACCATAATCACTGAAGTCCTTGGAGAACTGCAGTTCAACTTCTATCACCGTTGGTTTGAT 
GTGATCTTCCTGGTCAGCGCTCTCTCTAGCATACTCTTCCTCTATTTGGCTCACAAACAGGCACC 
AGAGAAGCAAATGGCACCT TGA ACTTAAGCCTACTACAGACTGTTAGAGGCCAGTGGTTTCAAAA 
TTTAGATATAAGAGGGGGGAAAAATGGAACCAGGGCCTGACATTTTATAAACAAACAAAATGCTA 
TGGTAGCATTTTTCACCTTCATAGCATACTCCTTCCCCGTCAGGTGATACTATGACCATGAGTAG 
CATCAGCCAGAACATGAGAGGGAGAACTAACTCAAGACAATACTCAGCAGAGAGCATCCCGTGTG 
GATATGAGGCTGGTGTAGAGGCGGAGAGGAGCCAAGAAACTAAAGGTGAAAAATACACTGGAACT 
CTGGGGCAAGACATGTCTATGGTAGCTGAGCCAAACACGTAGGATTTCCGTTTTAAGGTTCACAT 
GGAAAAGGTTATAGCTTTGCCTTGAGATTGACTCATTAAAATCAGAGACTGTAACAAAAAAAAAA 
AAAAAAAAAAAGGGCGGCCGCGACTCTAGAGTCGACCTGCAGAAGCTTGGCCGCCATGGCCCAAC 
TTGTTTATTGCAGCTTATAATG 
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FIGURE 4 

MSFLIDSSIMITSQILFFGFGWLFFMRQLFKDYEIRQYVVQVIFSVTFAFSCTMFELIIFEILGV 
LNSSSRYFHWKMNLCVILLILVFMVPFYIGYFIVSNIRLLHKQRLLFSCLLWLTFMYFFWKLGDP 
FPILSPKHGILSIEQLISRVGVIGVTLMALLSGFGAVNCPYTYMSYFLRNVTDTDILALERRLLQ 
TMDMIISKKKRMAMARRTMFQKGEVHNKPSGFWGMIKSVTTSASGSENLTLIQQEVDALEELSRQ 
LFLETADLYATKERIEYSKTFKGKYFNFLGYFFSIYCVWKIFMATINIVFDRVGKTDPVTRGIEI 
TVNYLGIQFDVKFWSQHISFILVGIIIVTSIRGLLITLTKFFYAISSSKSSNVIVLLLAQIMGMY 
FVSSVLLIRMSMPLEYRTIITEVLGELQFNFYHRWFDVIFLVSALSSILFLYLAHKQAPEKQMAP 

Important features: 
Signal peptide: 

amino acids 1-23 

Potential transmembrane domains: 

amino acids 37-55, 81-102, 150-168, 288-311, 338-356, 375-398, 
425-444 

N-glycosylation sites. 

amino acids 67-70, 180-183 and 243-246 

Eukaryotic cobalamin-binding proteins 

amino acids 151-160 
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FIGURE 5 

AGCAGGGAAATCCGGATGTCTCGGTTATGAAGTGGAGCAGTGAGTGTGAGCCTCAACATAGTTCC 
AGAACTCTCCATCCGGACTAGTTATTGAGCATCTGCCTCTCATATCACCAGTGGCCATCTGAGGT 
GTTTCCCTGGCTCTGAAGGGGTAGGCACG ATG GCCAGGTGCTTCAGCCTGGTGTTGCTTCTCACT 
TCCATCTGGACCACGAGGCTCCTGGTCCAAGGCTCTTTGCGTGCAGAAGAGCTTTCCATCCAGGT 
GTCATGCAGAATTATGGGGATCACCCTTGTGAGCAAAAAGGCGAACCAGCAGCTGAATTTCACAG 
AAGCTAAGGAGGCCTGTAGGCTGCTGGGACTAAGTTTGGCCGGCAAGGACCAAGTTGAAACAGCC 
TTGAAAGCTAGCTTTGAAACTTGCAGCTATGGCTGGGTTGGAGATGGATTCGTGGTCATCTCTAG 
GATTAGCCCAAACCCCAAGTGTGGGAAAAATGGGGTGGGTGTCCTGATTTGGAAGGTTCCAGTGA 
GCCGACAGTTTGCAGCCTATTGTTACAACTCATCTGATACTTGGACTAACTCGTGCATTCCAGAA 
ATTATCACCACCAAAGATCCCATATTCAACACTCAAACTGCAACACAAACAACAGAATTTATTGT 
CAGTGACAGTACCTACTCGGTGGCATCCCCTTACTCTACAATACCTGCCCCTACTACTACTCCTC 
CTGCTCCAGCTTCCACTTCTATTCCACGGAGAAAAAAATTGATTTGTGTCACAGAAGTTTTTATG 
GAAACTAGCACCATGTCTACAGAAACTGAACCATTTGTTGAAAATAAAGCAGCATTCAAGAATGA 
AGCTGCTGGGTTTGGAGGTGTCCCCACGGCTCTGCTAGTGCTTGCTCTCCTCTTCTTTGGTGCTG 
CAGCTGGTCTTGGATTTTGCTATGTCAAAAGGTATGTGAAGGCCTTCCCTTTTACAAACAAGAAT 
CAGCAGAAGGAAATGATCGAAACCAAAGTAGTAAAGGAGGAGAAGGCCAATGATAGCAACCCTAA 
T G AG G AAT C AAAG AAAAC T G AT AAAAAC C C AG AAG AG T C C AAG AG T C C AAG C AAAAC T AC C G T G C 
GATGCCTGGAAGCTGAAGTT TAGA TGAGACAGAAATGAGGAGACACACCTGAGGCTGGTTTCTTT 
CATGCTCCTTACCCTGCCCCAGCTGGGGAAATCAAAAGGGCCAAAGAACCAAAGAAGAAAGTCCA 
CCCTTGGTTCCTAACTGGAATCAGCTCAGGACTGCCATTGGACTATGGAGTGCACCAAAGAGAAT 
GCCCTTCTCCTTATTGTAACCCTGTCTGGATCCTATCCTCCTACCTCCAAAGCTTCCCACGGCCT 
TTCTAGCCTGGCTATGTCCTAATAATATCCCACTGGGAGAAAGGAGTTTTGCAAAGTGCAAGGAC 
CTAAAACATCTCATCAGTATCCAGTGGTAAAAAGGCCTCCTGGCTGTCTGAGGCTAGGTGGGTTG 
AAAGCCAAGGAGTCACTGAGACCAAGGCTTTCTCTACTGATTCCGCAGCTCAGACCCTTTCTTCA 
GCTCTGAAAGAGAAACACGTATCCCACCTGACATGTCCTTCTGAGCCCGGTAAGAGCAAAAGAAT 
GGCAGAAAAGTTTAGCCCCTGAAAGCCATGGAGATTCTCATAACTTGAGACCTAATCTCTGTAAA 
GCTAAAATAAAGAAATAGAACAAGGCTGAGGATACGACAGTACACTGTCAGCAGGGACTGTAAAC 
ACAGACAGGGTCAAAGTGTTTTCTCTGAACACATTGAGTTGGAATCACTGTTTAGAACACACACA 
CTTACTTTTTCTGGTCTCTACCACTGCTGATATTTTCTCTAGGAAATATACTTTTACAAGTAACA 
AAAATAAAAACTCTTATAAATTTCTATTTTTATCTGAGTTACAGAAATGATTACTAAGGAAGATT 
ACTCAGTAATTTGTTTAAAAAGTAATAAAATTCAACAAACATTTGCTGAATAGCTACTATATGTC 
AAGTGCTGTGCAAGGTATTACACTCTGTAATTGAATATTATTCCTCAAAAAATTGCACATAGTAG 
AACGCTATCTGGGAAGCTATTTTTTTCAGTTTTGATATTTCTAGCTTATCTACTTCCAAACTAAT 
TTTTATTTTTGCTGAGACTAATCTTATTCATTTTCTCTAATATGGCAACCATTATAACCTTAATT 
TATTATTAACATACCTAAGAAGTACATTGTTACCTCTATATACCAAAGCACATTTTAAAAGTGCC 
ATTAACAAATGTATCACTAGCCCTCCTTTTTCCAACAAGAAGGGACTGAGAGATGCAGAAATATT 
T G T G AC AAAAAAT T AAAG C AT T TAG AAAAC T T 
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FIGURE 6 

MARCFSLVLLLTSIWTTRLLVQGSLRAEELSIQVSCRIMGITLVSKKANQQLNFTEAKEACRLLG 
LSLAGKDQVETALKASFETCSYGWVGDGFVVISRISPNPKCGKNGVGVLIWKVPVSRQFAAYCYN 
SSDTWTNSCIPEIITTKDPIFNTQTATQTTEFIVSDSTYSVASPYSTIPAPTTTPPAPASTSIPR 
RKKLICVTEVFMETSTMSTETEPFVENKAAFKNEAAGFGGVPTALLVLALLFFGAAAGLGFCYVK 
RYVKAFPFTNKNQQKEMIETKVVKEEKANDSNPNEESKKTDKNPEESKSPSKTTVRCLEAEV 

Signal sequence : 

amino acids 1-16 

Transmembrane domain: 

amino acids 235-254 

N-glycosylation site. 

amino acids 53-57, 130-134, 289-293 

Casein kinase II phosphorylation site. 

amino acids 145-149, 214-218 

Tyrosine kinase phosphorylation site. 

amino acids 79-88 

N-myristoylation site. 

amino acids 23-29, 65-71, 234-240, 235-239, 249-255, 253-259 
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FIGURE 7 



CGCCGCGCTCCCGCACCCGCGGCCCGCCCACCGCGCCGCTCCCGCATCTGCACCCGCAGCCCGGC 
GGCCTCCCGGCGGGAGCGAGCAGATCCAGTCCGGCCCGCAGCGCAACTCGGTCCAGTCGGGGCGG 
CGGCTGCGGGCGCAGAGCGGAGATGCAGCGGCTTGGGGCCACCCTGCTGTGCCTGCTGCTGGCGG 
CGGCGGTCCCCACGGCCCCCGCGCCCGCTCCGACGGCGACCTCGGCTCCAGTCAAGCCCGGCCCG 
GCTCTCAGCTACCCGCAGGAGGAGGCCACCCTCAATGAGATGTTCCGCGAGGTTGAGGAACTGAT 
GGAGGACACGCAGCACAAATTGCGCAGCGCGGTGGAAGAGATGGAGGCAGAAGAAGCTGCTGCTA 
AAGCATCATCAGAAGTGAACCTGGCAAACTTACCTCCCAGCTATCACAATGAGACCAACACAGAC 
ACGAAGGTTGGAAATAATACCATCCATGTGCACCGAGAAATTCACAAGATAACCAACAACCAGAC 
TGGACAAATGGTCTTTTCAGAGACAGTTATCACATCTGTGGGAGACGAAGAAGGCAGAAGGAGCC 
ACGAGTGCATCATCGACGAGGACTGTGGGCCCAGCATGTACTGCCAGTTTGCCAGCTTCCAGTAC 
ACCTGCCAGCCATGCCGGGGCCAGAGGATGCTCTGCACCCGGGACAGTGAGTGCTGTGGAGACCA 
GCTGTGTGTCTGGGGTCACTGCACCAAAATGGCCACCAGGGGCAGCAATGGGACCATCTGTGACA 
ACCAGAGGGACTGCCAGCCGGGGCTGTGCTGTGCCTTCCAGAGAGGCCTGCTGTTCCCTGTGTGC 
ACACCCCTGCCCGTGGAGGGCGAGCTTTGCCATGACCCCGCCAGCCGGCTTCTGGACCTCATCAC 
CTGGGAGCTAGAGCCTGATGGAGCCTTGGACCGATGCCCTTGTGCCAGTGGCCTCCTCTGCCAGC 
CCCACAGCCACAGCCTGGTGTATGTGTGCAAGCCGACCTTCGTGGGGAGCCGTGACCAAGATGGG 
GAGATCCTGCTGCCCAGAGAGGTCCCCGATGAGTATGAAGTTGGCAGCTTCATGGAGGAGGTGCG 
CCAGGAGCTGGAGGACCTGGAGAGGAGCCTGACTGAAGAGATGGCGCTGGGGGAGCCTGCGGCTG 
CCGCCGCTGCACTGCTGGGAGGGGAAGAGATTTAGATCTGGACCAGGCTGTGGGTAGATGTGCAA 
TAGAAATAGCTAATTTATTTCCCCAGGTGTGTGCTTTAGGCGTGGGCTGACCAGGCTTCTTCCTA 
CATCTTCTTCCCAGTAAGTTTCCCCTCTGGCTTGACAGCATGAGGTGTTGTGCATTTGTTCAGCT 
CCCCCAGGCTGTTCTCCAGGCTTCACAGTCTGGTGCTTGGGAGAGTCAGGCAGGGTTAAACTGCA 
GGAGCAGTTTGCCACCCCTGTCCAGATTATTGGCTGCTTTGCCTCTACCAGTTGGCAGACAGCCG 
TTTGTTCTACATGGCTTTGATAATTGTTTGAGGGGAGGAGATGGAAACAATGTGGAGTCTCCCTC 
TGATTGGTTTTGGGGAAATGTGGAGAAGAGTGCCCTGCTTTGCAAACATCAACCTGGCAAAAATG 
CAACAAATGAATTTTCCACGCAGTTCTTTCCATGGGCATAGGTAAGCTGTGCCTTCAGCTGTTGC 
AGATGAAATGTTCTGTTCACCCTGCATTACATGTGTTTATTCATCCAGCAGTGTTGCTCAGCTCC 
TACCTCTGTGCCAGGGCAGCATTTTCATATCCAAGATCAATTCCCTCTCTCAGCACAGCCTGGGG 
AGGGGGTCATTGTTCTCCTCGTCCATCAGGGATCTCAGAGGCTCAGAGACTGCAAGCTGCTTGCC 
CAAGTCACACAGCTAGTGAAGACCAGAGCAGTTTCATCTGGTTGTGACTCTAAGCTCAGTGCTCT 
CTCCACTACCCCACACCAGCCTTGGTGCCACCAAAAGTGCTCCCCAAAAGGAAGGAGAATGGGAT 
TTTTCTTGAGGCATGCACATCTGGAATTAAGGTCAAACTAATTCTCACATCCCTCTAAAAGTAAA 
CTACTGTTAGGAACAGCAGTGTTCTCACAGTGTGGGGCAGCCGTCCTTCTAATGAAGACAATGAT 
ATTGACACTGTCCCTCTTTGGCAGTTGCATTAGTAACTTTGAAAGGTATATGACTGAGCGTAGCA 
TACAGGTTAACCTGCAGAAACAGTACTTAGGTAATTGTAGGGCGAGGATTATAAATGAAATTTGC 
AAAATCACTTAGCAGCAACTGAAGACAATTATCAACCACGTGGAGAAAATCAAACCGAGCAGGGC 
TGTGTGAAACATGGTTGTAATATGCGACTGCGAACACTGAACTCTACGCCACTCCACAAATGATG 
TTTTCAGGTGTCATGGACTGTTGCCACCATGTATTCATCCAGAGTTCTTAAAGTTTAAAGTTGCA 
CATGATTGTATAAGCATGCTTTCTTTGAGTTTTAAATTATGTATAAACATAAGTTGCATTTAGAA 
ATC AAGC AT AAAT C AC TT CAACT GCAAAAAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 8 

MQRLGATLLCLLLAAAVPTAPAPAPTATSAPVKPGPALSYPQEEATLNEMFREVEELMEDTQHKL 
RSAVEEMEAEEAAAKASSEVNLANLPPSYHNETNTDTKVGNNTIHVHREIHKITNNQTGQMVFSE 
TVITSVGDEEGRRSHECIIDEDCGPSMYCQFASFQYTCQPCRGQRMLCTRDSECCGDQLCVWGHC 
TKMATRGSNGTICDNQRDCQPGLCCAFQRGLLFPVCTPLPVEGELCHDPASRLLDLITWELEPDG 
ALDRCPCASGLLCQPHSHSLVYVCKPTFVGSRDQDGEILLPREVPDEYEVGSFMEEVRQELEDLE 
RSLTEEMALGEPAAAAAALLGGEEI 

Signal sequence : 

amino acids 1-19 

N-glycosylation site. 

amino acids 96-100, 106-110, 121-125, 204-208 
Casein kinase II phosphorylation site. 

amino acids 46-50, 67-71, 98-102, 135-139, 206-210, 312-316, 327-331 

N-myristoylation site. 

amino acids 202-208, 217-223 

Amidation site. 

amino acids 140-144 
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FIGURE 9 



CGGACGCGTGGGCGGACGCGTGGGGGCTGTGAGAAAGTGCCAATAAATACATCATGCAACCCCAC 
GGCCCACCTTGTGAACTCCTCGTGCCCAGGGCTGATGTGCGTCTTCCAGGGCTACTCATCCAAAG 
GCCTAATCCAACGTTCTGTCTTCAATCTGCAAATCTATGGGGTCCTGGGGCTCTTCTGGACCCTT 
AACTGGGTACTGGCCCTGGGCCAATGCGTCCTCGCTGGAGCCTTTGCCTCCTTCTACTGGGCCTT 
CCACAAGCCCCAGGACATCCCTACCTTCCCCTTAATCTCTGCCTTCATCCGCACACTCCGTTACC 
ACACTGGGTCATTGGCATTTGGAGCCCTCATCCTGACCCTTGTGCAGATAGCCCGGGTCATCTTG 
GAGTATATTGACCACAAGCTCAGAGGAGTGCAGAACCCTGTAGCCCGCTGCATCATGTGCTGTTT 
CAAGTGCTGCCTCTGGTGTCTGGAAAAATTTATCAAGTTCCTAAACCGCAATGCATACATCATGA 
TCGCCATCTACGGGAAGAATTTCTGTGTCTCAGCCAAAAATGCGTTCATGCTACTCATGCGAAAC 
ATTGTCAGGGTGGTCGTCCTGGACAAAGTCACAGACCTGCTGCTGTTCTTTGGGAAGCTGCTGGT 
GGTCGGAGGCGTGGGGGTCCTGTCCTTCTTTTTTTTCTCCGGTCGCATCCCGGGGCTGGGTAAAG 
ACTTTAAGAGCCCCCACCTCAACTATTACTGGCTGCCCATCATGACCTCCATCCTGGGGGCCTAT 
GTCATCGCCAGCGGCTTCTTCAGCGTTTTCGGCATGTGTGTGGACACGCTCTTCCTCTGCTTCCT 
GGAAGACCTGGAGCGGAACAACGGCTCCCTGGACCGGCCCTACTACATGTCCAAGAGCCTTCTAA 
AGATTCTGGGCAAGAAGAACGAGGCGCCCCCGGACAACAAGAAGAGGAAGAAG TGA CAGCTCCGG 
CCCTGATCCAGGACTGCACCCCACCCCCACCGTCCAGCCATCCAACCTCACTTCGCCTTACAGGT 
CTCCATTTTGTGGTAAAAAAAGGTTTTAGGCCAGGCGCCGTGGCTCACGCCTGTAATCCAACACT 
TTGAGAGGCTGAGGCGGGCGGATCACCTGAGTCAGGAGTTCGAGACCAGCCTGGCCAACATGGTG 
AAACCTCCGTCTCTATTAAAAATACAAAAATTAGCCGAGAGTGGTGGCATGCACCTGTCATCCCA 
GCTACTCGGGAGGCTGAGGCAGGAGAATCGCTTGAACCCGGGAGGCAGAGGTTGCAGTGAGCCGA 
GATCGCGCCACTGCACTCCAACCTGGGTGACAGACTCTGTCTCCAAAACAAAACAAACAAACAAA 
AAGATTTTATTAAAGATATTTTGTTAACTC 
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FIGURE 10 

RTRGRTRGGCEKVPINTSCNPTAHLVNSSCPGLMCVFQGYSSKGLIQRSVFNLQIYGVLGLFWTL 
NWVLALGQCVLAGAFASFYWAFHKPQDIPTFPLISAFIRTLRYHTGSLAFGALILTLVQIARVIL 
E Y I DHKLRGVQN P VARC IMCC FKCCLWCLEKFI KFLNRNAY I M I AI YGKN FC VS AKN AFMLLMRN 
IVRVVVLDKVTDLLLFFGKLLVVGGVGVLSFFFFSGRIPGLGKDFKSPHLNYYWLPIMTSILGAY 
VIASGFFSVFGMCVDTLFLCFLEDLERNNGSLDRPYYMSKSLLKILGKKNEAPPDNKKRKK 

Important features: 
Transmembrane domains: 

amino acids 57-80 (type II), 110-126, 215-231, 254-274 

N-glycosylation sites . 

amino acids 16-20, 27-31, 289-293 

Hypothetical YBR002c family proteins. 

amino acids 276-288 

Ammonium transporters proteins . 

amino acids 204-231 

N-myristoylation sites. 

amino acids 60-66, 78-84 

Amidation site. 

amino acids 306-310 
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FIGURE 11 



GCCCCGCGCCCGGCGCCGGGCGCCCGAAGCCGGGAGCCACCGCCATGGGGGCCTGCCTGGGAGCC 
TGCTCCCTGCTCAGCTGCGCGTCCTGCCTCTGCGGCTCTGCCCCCTGCATCCTGTGCAGCTGCTG 
CCCCGCCAGCCGCAACTCCACCGTGAGCCGCCTCATCTTCACGTTCTTCCTCTTCCTGGGGGTGC 
TGGTGTCCATCATTATGCTGAGCCCGGGCGTGGAGAGTCAGCTCTACAAGCTGCCCTGGGTGTGT 
GAGGAGGGGGCCGGGATCCCCACCGTCCTGCAGGGCCACATCGACTGTGGCTCCCTGCTTGGCTA 
CCGCGCTGTCTACCGCATGTGCTTCGCCACGGCGGCCTTCTTCTTCTTCTTTTTCACCCTGCTCA 
TGCTCTGCGTGAGCAGCAGCCGGGACCCCCGGGCTGCCATCCAGAATGGGTTTTGGTTCTTTAAG 
TTCCTGATCCTGGTGGGCCTCACCGTGGGTGCCTTCTACATCCCTGACGGCTCCTTCACCAACAT 
CTGGTTCTACTTCGGCGTCGTGGGCTCCTTCCTCTTCATCCTCATCCAGCTGGTGCTGCTCATCG 
ACTTTGCGCACTCCTGGAACCAGCGGTGGCTGGGCAAGGCCGAGGAGTGCGATTCCCGTGCCTGG 
TACGCAGGCCTCTTCTTCTTCACTCTCCTCTTCTACTTGCTGTCGATCGCGGCCGTGGCGCTGAT 
GTTCATGTACTACACTGAGCCCAGCGGCTGCCACGAGGGCAAGGTCTTCATCAGCCTCAACCTCA 
CCTTCTGTGTCTGCGTGTCCATCGCTGCTGTCCTGCCCAAGGTCCAGGACGCCCAGCCCAACTCG 
GGTCTGCTGCAGGCCTCGGTCATCACCCTCTACACCATGTTTGTCACCTGGTCAGCCCTATCCAG 
TATCCCTGAACAGAAATGCAACCCCCATTTGCCAACCCAGCTGGGCAACGAGACAGTTGTGGCAG 
GCCCCGAGGGCTATGAGACCCAGTGGTGGGATGCCCCGAGCATTGTGGGCCTCATCATCTTCCTC 
CTGTGCACCCTCTTCATCAGTCTGCGCTCCTCAGACCACCGGCAGGTGAACAGCCTGATGCAGAC 
CGAGGAGTGCCCACCTATGCTAGACGCCACACAGCAGCAGCAGCAGCAGGTGGCAGCCTGTGAGG 
GCCGGGCCTTTGACAACGAGCAGGACGGCGTCACCTACAGCTACTCCTTCTTCCACTTCTGCCTG 
GTGCTGGCCTCACTGCACGTCATGATGACGCTCACCAACTGGTACAAGCCCGGTGAGACCCGGAA 
GATGATCAGCACGTGGACCGCCGTGTGGGTGAAGATCTGTGCCAGCTGGGCAGGGCTGCTCCTCT 
ACCTGTGGACCCTGGTAGCCCCACTCCTCCTGCGCAACCGCGACTTCAGCTGAGGCAGCCTCACA 
GCCTGCCATCTGGTGCCTCCTGCCACCTGGTGCCTCTCGGCTCGGTGACAGCCAACCTGCCCCCT 
CCCCACACCAATCAGCCAGGCTGAGCCCCCACCCCTGCCCCAGCTCCAGGACCTGCCCCTGAGCC 
GGGCCTTCTAGTCGTAGTGCCTTCAGGGTCCGAGGAGCATCAGGCTCCTGCAGAGCCCCATCCCC 
CCGCCACACCCACACGGTGGAGCTGCCTCTTCCTTCCCCTCCTCCCTGTTGCCCATACTCAGCAT 
CTCGGATGAAAGGGCTCCCTTGTCCTCAGGCTCCACGGGAGCGGGGCTGCTGGAGAGAGCGGGGA 
ACTCCCACCACAGTGGGGCATCCGGCACTGAAGCCCTGGTGTTCCTGGTCACGTCCCCCAGGGGA 
CCCTGCCCCCTTCCTGGACTTCGTGCCTTACTGAGTCTCTAAGACTTTTTCTAATAAACAAGC.CA 
GTGCGTGTAAAAAAAA 



12/168 



FIGURE 12 

MGACLGACSLLSCASCLCGSAPCILCSCCPASRNSTVSRLIFTFFLFLGVLVSIIMLSPGVESQL 
YKLPWVCEEGAGIPTVLQGHIDCGSLLGYRAVYRMCFATAAFFFFFFTLLMLCVSSSRDPRAAIQ 
NGFWFFKFLILVGLTVGAFYIPDGSFTNIWFYFGVVGSFLFILIQLVLLIDFAHSWNQRWLGKAE 
ECDSRAWYAGLFFFTLLFYLLSIAAVALMFMYYTEPSGCHEGKVFISLNLTFCVCVSIAAVLPKV 
QDAQPNSGLLQASVITLYTMFVTWSALSSIPEQKCNPHLPTQLGNETVVAGPEGYETQWWDAPSI 
VGLIIFLLCTLFISLRSSDHRQVNSLMQTEECPPMLDATQQQQQQVAACEGRAFDNEQDGVTYSY 
SFFHFCLVLASLHVMMTLTNWYKPGETRKMISTWTAVWVKICASWAGLLLYLWTLVAPLLLRNRD 
FS 

Signal sequence: 

amino acids 1-20 

Transmembrane domains: 

amino acids 40-58, 101-116, 134-150, 162-178, 206-223, 240-257, 
272-283, 324-340, 391-406, 428-444 
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FIGURE 13 



CGGGCCAGCCTGGGGCGGCCGGCCAGGAACCACCCGTTAAGGTGTCTTCTCTTTAGGGATGGTGA 
GGTTGGAAAAAGACTCCTGTAACCCTCCTCCAGGATGAACCACCTGCCAGAAGACATGGAGAACG 
CTCTCACCGGGAGCCAGAGCTCCCATGCTTCTCTGCGCAATATCCATTCCATCAACCCCACACAA 
CTCATGGCCAGGATTGAGTCCTATGAAGGAAGGGAAAAGAAAGGCATATCTGATGTCAGGAGGAC 
TTTCTGTTTGTTTGTCACCTTTGACCTCTTATTCGTAACATTACTGTGGATAATAGAGTTAAATG 
TGAATGGAGGCATTGAGAACACATTAGAGAAGGAGGTGATGCAGTATGACTACTATTCTTCATAT 
TTTGATATATTTCTTCTGGCAGTTTTTCGATTTAAAGTGTTAATACTTGCATATGCTGTGTGCAG 
ACTGCGCCATTGGTGGGCAATAGCGTTGACAACGGCAGTGACCAGTGCCTTTTTACTAGCAAAAG 
TGATCCTTTCGAAGCTTTTCTCTCAAGGGGCTTTTGGCTATGTGCTGCCCATCATTTCATTCATC 
CTTGCCTGGATTGAGACGTGGTTCCTGGATTTCAAAGTGTTACCTCAAGAAGCAGAAGAAGAAAA 
CAGACTCCTGATAGTTCAGGATGCTTCAGAGAGGGCAGCACTTATACCTGGTGGTCTTTCTGATG 
GTCAGTTTTATTCCCCTCCTGAATCCGAAGCAGGATCTGAAGAAGCTGAAGAAAAACAGGACAGT 
GAGAAACCACTTTTAGAACTA TGA GTACTACTTTTGTTAAATGTGAAAAACCCTCACAGAAAGTC 
ATCGAGGCAAAAAGAGGCAGGCAGTGGAGTCTCCCTGTCGACAGTAAAGTTGAAATGGTGACGTC 
CACTGCTGGCTTTATTGAACAGCTAATAAAGATTTATTTATTGTAATACCTCACAAACGTTGTAC 
CATATCCATGCACATTTAGTTGCCTGCCTGTGGCTGGTAAGGTAATGTCATGATTCATCCTCTCT 
TCAGTGAGACTGAGCCTGATGTGTTAACAAATAGGTGAAGAAAGTCTTGTGCTGTATTCCTAATC 
AAAAGACTTAATATATTGAAGTAACACTTTTTTAGTAAGCAAGATACCTTTTTATTTCAATTCAC 
AGAATGGAATTTTTTTGTTTCATGTCTCAGATTTATTTTGTATTTCTTTTTTAACACTCTACATT 
TCCCTTGTTTTTTAACTCATGCACATGTGCTCTTTGTACAGTTTTAAAAAGTGTAATAAAATCTG 
ACATGTCAATGTGGCTAGTTTTATTTTTCTTGTTTTGCATTATGTGTATGGCCTGAAGTGTTGGA 
CTTGCAAAAGGGGAAGAAAGGAATTGCGAATACATGTAAAATGTCACCAGACATTTGTATTATTT 
TTATCATGAAATCATGTTTTTCTCTGATTGTTCTGAAATGTTCTAAATACTCTTATTTTGAATGC 
ACAAAATGACTTAAACCATTCATATCATGTTTCCTTTGCGTTCAGCCAATTTCAATTAAAATGAA 
CTAAATTAAAAA 
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FIGURE 14 

MNHLPEDMENALTGSQSSHASLRNIHSINPTQLMARIESYEGREKKGISDVRRTFCLFVTFDLLF 
VTLLWIIELNVNGGIENTLEKEVMQYDYYSSYFDIFLLAVFRFKVLILAYAVCRLRHWWAIALTT 
AVTSAFLLAKVILSKLFSQGAFGYVLPIISFILAWIETWFLDFKVLPQEAEEENRLLIVQDASER 
AALIPGGLSDGQFYSPPESEAGSEEAEEKQDSEKPLLEL 

Important features of the protein: 
Signal peptide: 

amino acids 1-20 

Transmembrane domains: 

amino acids 54-72, 100-118, 130-144, 146-166 



N-myristoylation sites . 

amino acids 14-20, 78-84, 



79-85, 202-208, 217-223 
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FIGURE 15 



ACTCGAACGCAGTTGCTTCGGGACCCAGGACCCCCTCGGGCCCGACCCGCCAGGAAAGACTGAGG 
CCGCGGCCTGCCCCGCCCGGCTCCCTGCGCCGCCGCCGCCTCCCGGGACAGAAGATGTGCTCCAG 
GGTCCCTCTGCTGCTGCCGCTGCTCCTGCTACTGGCCCTGGGGCCTGGGGTGCAGGGCTGCCCAT 
CCGGCTGCCAGTGCAGCCAGCCACAGACAGTCTTCTGCACTGCCCGCCAGGGGACCACGGTGCCC 
CGAGACGTGCCACCCGACACGGTGGGGCTGTACGTCTTTGAGAACGGCATCACCATGCTCGACGC 
AGGCAGCTTTGCCGGCCTGCCGGGCCTGCAGCTCCTGGACCTGTCACAGAACCAGATCGCCAGCC 
TGCCCAGCGGGGTCTTCCAGCCACTCGCCAACCTCAGCAACCTGGACCTGACGGCCAACAGGCTG 
CATGAAATCACCAATGAGACCTTCCGTGGCCTGCGGCGCCTCGAGCGCCTCTACCTGGGCAAGAA 
CCGCATCCGCCACATCCAGCCTGGTGCCTTCGACACGCTCGACCGCCTCCTGGAGCTCAAGCTGC 
AGGACAACGAGCTGCGGGCACTGCCCCCGCTGCGCCTGCCCCGCCTGCTGCTGCTGGACCTCAGC 
CACAACAGCCTCCTGGCCCTGGAGCCCGGCATCCTGGACACTGCCAACGTGGAGGCGCTGCGGCT 
GGCTGGTCTGGGGCTGCAGCAGCTGGACGAGGGGCTCTTCAGCCGCTTGCGCAACCTCCACGACC 
TGGATGTGTCCGACAACCAGCTGGAGCGAGTGCCACCTGTGATCCGAGGCCTCCGGGGCCTGACG 
CGCCTGCGGCTGGCCGGCAACACCCGCATTGCCCAGCTGCGGCCCGAGGACCTGGCCGGCCTGGC 
TGCCCTGCAGGAGCTGGATGTGAGCAACCTAAGCCTGCAGGCCCTGCCTGGCGACCTCTCGGGCC 
TCTTCCCCCGCCTGCGGCTGCTGGCAGCTGCCCGCAACCCCTTCAACTGCGTGTGCCCCCTGAGC 
TGGTTTGGCCCCTGGGTGCGCGAGAGCCACGTCACACTGGCCAGCCCTGAGGAGACGCGCTGCCA 
CTTCCCGCCCAAGAACGCTGGCCGGCTGCTCCTGGAGCTTGACTACGCCGACTTTGGCTGCCCAG 
CCACCACCACCACAGCCACAGTGCCCACCACGAGGCCCGTGGTGCGGGAGCCCACAGCCTTGTCT 
TCTAGCTTGGCTCCTACCTGGCTTAGCCCCACAGCGCCGGCCACTGAGGCCCCCAGCCCGCCCTC 
CACTGCCCCACCGACTGTAGGGCCTGTCCCCCAGCCCCAGGACTGCCCACCGTCCACCTGCCTCA 
ATGGGGGCACATGCCACCTGGGGACACGGCACCACCTGGCGTGCTTGTGCCCCGAAGGCTTCACG 
GGCCTGTACTGTGAGAGCCAGATGGGGCAGGGGACACGGCCCAGCCCTACACCAGTCACGCCGAG 
GCCACCACGGTCCCTGACCCTGGGCATCGAGCCGGTGAGCCCCACCTCCCTGCGCGTGGGGCTGC 
AGCGCTACCTCCAGGGGAGCTCCGTGCAGCTCAGGAGCCTCCGTCTCACCTATCGCAACCTATCG 
GGCCCTGATAAGCGGCTGGTGACGCTGCGACTGCCTGCCTCGCTCGCTGAGTACACGGTCACCCA 
GCTGCGGCCCAACGCCACTTACTCCGTCTGTGTCATGCCTTTGGGGCCCGGGCGGGTGCCGGAGG 
GCGAGGAGGCCTGCGGGGAGGCCCATACACCCCCAGCCGTCCACTCCAACCACGCCCCAGTCACC 
CAGGCCCGCGAGGGCAACCTGCCGCTCCTCATTGCGCCCGCCCTGGCCGCGGTGCTCCTGGCCGC 
GCTGGCTGCGGTGGGGGCAGCCTACTGTGTGCGGCGGGGGCGGGCCATGGCAGCAGCGGCTCAGG 
ACAAAGGGCAGGTGGGGCCAGGGGCTGGGCCCCTGGAACTGGAGGGAGTGAAGGTCCCCTTGGAG 
CCAGGCCCGAAGGCAACAGAGGGCGGTGGAGAGGCCCTGCCCAGCGGGTCTGAGTGTGAGGTGCC 
ACTCATGGGCTTCCCAGGGCCTGGCCTCCAGTCACCCCTCCACGCAAAGCCCTACATCTAAGCCA 
GAGAGAGACAGGGCAGCTGGGGCCGGGCTCTCAGCCAGTGAGATGGCCAGCCCCCTCCTGCTGCC 
ACACCACGTAAGTTCTCAGTCCCAACCTCGGGGATGTGTGCAGACAGGGCTGTGTGACCACAGCT 
GGGCCCTGTTCCCTCTGGACCTCGGTCTCCTCATCTGTGAGATGCTGTGGCCCAGCTGACGAGCC 
CTAACGTCCCCAGAACCGAGTGCCTATGAGGACAGTGTCCGCCCTGCCCTCCGCAACGTGCAGTC 
CCTGGGCACGGCGGGCCCTGCCATGTGCTGGTAACGCATGCCTGGGTCCTGCTGGGCTCTCCCAC 
TCCAGGCGGACCCTGGGGGCCAGTGAAGGAAGCTCCCGGAAAGAGCAGAGGGAGAGCGGGTAGGC 
GGCTGTGTGACTCTAGTCTTGGCCCCAGGAAGCGAAGGAACAAAAGAAACTGGAAAGGAAGATGC 
TTTAGGAACATGTTTTGCTTTTTTAAAATATATATATTTATAAGAGATCCTTTCCCATTTATTCT 
GGGAAGATGTTTTTCAAACTCAGAGACAAGGACTTTGGTTTTTGTAAGACAAACGATGATATGAA 
GGCCTTTTGTAAGAAAAAATAAAAGATGAAGTGTGAAA 
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FIGURE 16 

MCSRVPLLLPLLLLLALGPGVQGCPSGCQCSQPQTVFCTARQGTTVPRDVPPDTVGLYVFENGIT 
MLDAGSFAGLPGLQLLDLSQNQIASLPSGVFQPLANLSNLDLTANRLHEITNETFRGLRRLERLY 
LGKNRIRHIQPGAFDTLDRLLELKLQDNELRALPPLRLPRLLLLDLSHNSLLALEPGILDTANVE 
ALRLAGLGLQQLDEGLFSRLRNLHDLDVSDNQLERVPPVIRGLRGLTRLRLAGNTRIAQLRPEDL 
AGLAALQELDVSNLSLQALPGDLSGLFPRLRLLAAARNPFNCVCPLSWFGPWVRESHVTLASPEE 
TRCHFPPKNAGRLLLELDYADFGCPATTTTATVPTTRPVVREPTALSSSLAPTWLSPTAPATEAP 
SPPSTAPPTVGPVPQPQDCPPSTCLNGGTCHLGTRHHLACLCPEGFTGLYCESQMGQGTRPSPTP 
VTPRPPRSLTLGIEPVSPTSLRVGLQRYLQGSSVQLRSLRLTYRNLSGPDKRLVTLRLPASLAEY 
TVTQLRPNATYSVCVMPLGPGRVPEGEEACGEAHTPPAVHSNHAPVTQAREGNLPLLIAPALAAV 
LLAALAAVGAAYCVRRGRAMAAAAQDKGQVGPGAGPLELEGVKVPLEPGPKATEGGGEALPSGSE 
CEVPLMGFPGPGLQSPLHAKPYI 

Important features: 
Signal peptide: 

amino acids 1-23 
Transmembrane domain: 

amino acids 57 9-599 

EGF-like domain cysteine pattern signature. 

amino acids 430-442 
Leucine zipper pattern, 
amino acids 197-219, 269-291 
N-glycosylation sites. 

amino acids 101-105, 117-121, 273-277, 500-504, 528-532 
Tyrosine kinase phosphorylation sites, 
amino acids 124-131, 337-345 
N-myristoylation sites . 

amino acids 23-29, 27-33, 70-76, 142-148, 187-193, 348-354, 594-600, 
640-646 
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FIGURE 17 

GCAGCGGCGAGGCGGCGGTGGTGGCTGAGTCCGTGGTGGCAGAGGCGAAGGCGACAGCTC ATG CG 
GGTCCGGATAGGGCTGACGCTGCTGCTGTGTGCGGTGCTGCTGAGCTTGGCCTCGGCGTCCTCGG 
ATGAAGAAGGCAGCCAGGATGAATCCTTAGATTCCAAGACTACTTTGACATCAGATGAGTCAGTA 
AAGGACCATACTACTGCAGGCAGAGTAGTTGCTGGTCAAATATTTCTTGATTCAGAAGAATCTGA 
ATTAGAATCCTCTATTCAAGAAGAGGAAGACAGCCTCAAGAGCCAAGAGGGGGAAAGTGTCACAG 
AAGATATCAGCTTTCTAGAGTCTCCAAATCCAGAAAACAAGGACTATGAAGAGCCAAAGAAAGTA 
CGGAAACCAGCTTTGACCGCCATTGAAGGCACAGCACATGGGGAGCCCTGCCACTTCCCTTTTCT 
TTTCCTAGATAAGGAGTATGATGAATGTACATCAGATGGGAGGGAAGATGGCAGACTGTGGTGTG 
CTACAACCTATGACTACAAAGCAGATGAAAAGTGGGGCTTTTGTGAAACTGAAGAAGAGGCTGCT 
AAGAGACGGCAGATGCAGGAAGCAGAAATGATGTATCAAACTGGAATGAAAATCCTTAATGGAAG 
CAATAAGAAAAGCCAAAAAAGAGAAGCATATCGGTATCTCCAAAAGGCAGCAAGCATGAACCATA 
CCAAAGCCCTGGAGAGAGTGTCATATGCTCTTTTATTTGGTGATTACTTGCCACAGAATATCCAG 
GCAGCGAGAGAGATGTTTGAGAAGCTGACTGAGGAAGGCTCTCCCAAGGGACAGACTGCTCTTGG 
CTTTCTGTATGCCTCTGGACTTGGTGTTAATTCAAGTCAGGCAAAGGCTCTTGTATATTATACAT 
TTGGAGCTCTTGGGGGCAATCTAATAGCCCACATGGTTTTGGTAAGTAGACTT TAG TGGAAGGCT 
AATAATATTAACATCAGAAGAATTTGTGGTTTATAGCGGCCACAACTTTTTCAGCTTTCATGATC 
CAGATTTGCTTGTATTAAGACCAAATATTCAGTTGAACTTCCTTCAAATTCTTGTTAATGGATAT 
AACACATGGAATCTACATGTAAATGAAAGTTGGTGGAGTCCACAATTTTTCTTTAAAATGATTAG 
TTTGGCTGATTGCCCCTAAAAAGAGAGATCTGATAAATGGCTCTTTTTAAATTTTCTCTGAGTTG 
GAATTGTCAGAATCATTTTTTACATTAGATTATCATAATTTTAAAAATTTTTCTTTAGTTTTTCA 
AAATTTTGTAAATGGTGGCTATAGAAAAACAACATGAAATATTATACAATATTTTGCAACAATGC 
CCTAAGAATTGTTAAAATTCATGGAGTTATTTGTGCAGAATGACTCCAGAGAGCTCTACTTTCTG 
TTTTTTACTTTTCATGATTGGCTGTCTTCCCATTTATTCTGGTCATTTATTGCTAGTGACACTGT 
GCCTGCTTCCAGTAGTCTCATTTTCCCTATTTTGCTAATTTGTTACTTTTTCTTTGCTAATTTGG 
AAG AT T AAC T CAT T T T TAATAAAAT T AT GT C T AAG AT T AAAAAAAAAAAAAAAAAAAAAAAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 18 

MRVRIGLTLLLCAVLLSLASASSDEEGSQDESLDSKTTLTSDESVKDHTTAGRVVAGQIFLDSEE 
SELESSIQEEEDSLKSQEGESVTEDISFLESPNPENKDYEEPKKVRKPALTAIEGTAHGEPCHFP 
FLFLDKEYDECTSDGREDGRLWCATTYDYKADEKWGFCETEEEAAKRRQiyiQEAEiyiMYQTGMKILN 
GSNKKSQKREAYRYLQKAASMNHTKALERVSYALLFGDYLPQNIQAAREMFEKLTEEGSPKGQTA 
LG FL YASGLGVN S SQAKAL VY YT FGALGGNL I AHMVL VS RL 

Important features: 
Signal peptide: 

amino acids 1-21 

N-glycosylation sites. 

amino acids 195-199, 217-221, 272-276 

Tyrosine kinase phosphorylation site. 

amino acids 220-228 

N-myristoylation sites . 

amino acids 120-126, 253-259, 268-274, 270-274, 285-291, 289-295 

Glycosaminoglycan attachment site. 

amino acids 267-271 

Microbodies C-terminal targeting signal. 

amino acids 299-303 

Type II fibronectin collagen-binding domain protein. 

amino acids 127-169 

Fructose-bisphosphate aldolase class-II protein. 

amino acids 101-119 
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FIGURE 19 



AATTCAGATTTTAAGCCCATTCTGCAGTGGAATTTCATGAACTAGCAAGAGGACACCATCTTCTT 
GTATTATACAAGAAAGGAGTGTACCTATCACACACAGGGGGAAAAATGCTCTTTTGGGTGCTAGG 
CCTCCTAATCCTCTGTGGTTTTCTGTGGACTCGTAAAGGAAAACTAAAGATTGAAGACATCACTG 
ATAAGTACATTTTTATCACTGGATGTGACTCGGGCTTTGGAAACTTGGCAGCCAGAACTTTTGAT 
AAAAAGGGATTTCATGTAATCGCTGCCTGTCTGACTGAATCAGGATCAACAGCTTTAAAGGCAGA 
AACCTCAGAGAGACTTCGTACTGTGCTTCTGGATGTGACCGACCCAGAGAATGTCAAGAGGACTG 
CCCAGTGGGTGAAGAACCAAGTTGGGGAGAAAGGTCTCTGGGGTCTGATCAATAATGCTGGTGTT 
CCCGGCGTGCTGGCTCCCACTGACTGGCTGACACTAGAGGACTACAGAGAACCTATTGAAGTGAA 
CCTGTTTGGACTCATCAGTGTGACACTAAATATGCTTCCTTTGGTCAAGAAAGCTCAAGGGAGAG 
TTATTAATGTCTCCAGTGTTGGAGGTCGCCTTGCAATCGTTGGAGGGGGCTATACTCCATCCAAA 
TATGCAGTGGAAGGTTTCAATGACAGCTTAAGACGGGACATGAAAGCTTTTGGTGTGCACGTCTC 
ATGCATTGAACCAGGATTGTTCAAAACAAACTTGGCAGATCCAGTAAAGGTAATTGAAAAAAAAC 
T CGCCATT TGGGAGC AGCTGT CT CC AGACATCAAAC AACAAT ATGGAGAAGGT TACAT TGAAAAA 
AGTCTAGACAAACTGAAAGGCAATAAATCCTATGTGAACATGGACCTCTCTCCGGTGGTAGAGTG 
CATGGACCACGCTCTAACAAGTCTCTTCCCTAAGACTCATTATGCCGCTGGAAAAGATGCCAAAA 
TTTTCTGGATACCTCTGTCTCACATGCCAGCAGCTTTGCAAGACTTTTTATTGTTGAAACAGAAA 
GCAGAGCTGGCTAATCCCAAGGCAGTG TGA CTCAGCTAACCACAAATGTCTCCTCCAGGCTATGA 
AATTGGCCGATTTCAAGAACACATCTCCTTTTCAACCCCATTCCTTATCTGCTCCAACCTGGACT 
CATTTAGATCGTGCTTATTTGGATTGCAAAAGGGAGTCCCACCATCGCTGGTGGTATCCCAGGGT 
CCCTGCTCAAGTTTTCTTTGAAAAGGAGGGCTGGAATGGTACATCACATAGGCAAGTCCTGCCCT 
GTATTTAGGCTTTGCCTGCTTGGTGTGATGTAAGGGAAATTGAAAGACTTGCCCATTCAAAATGA 
TCTTTACCGTGGCCTGCCCCATGCTTATGGTCCCCAGCATTTACAGTAACTTGTGAATGTTAAGT 
AT C ATCT C T TAT C T AAAT AT T AAAAG AT AAGT C AACC C AAAAAAAAAAAAAAAAAAAAAAAAAAA 
AAAAAAAAAAAAA 
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FIGURE 20 

MLFWVLGLLILCGFLWTRKGKLKIEDITDKYIFITGCDSGFGNLAARTFDKKGFHVIAACLTESG 
STALKAETSERLRTVLLDVTDPENVKRTAQWVKNQVGEKGLWGLINNAGVPGVLAPTDWLTLEDY 
REPIEVNLFGLISVTLNMLPLVKKAQGRVINVSSVGGRLAIVGGGYTPSKYAVEGFNDSLRRDMK 
AFGVHVSCIEPGLFKTNLADPVKVIEKKLAIWEQLSPDIKQQYGEGYIEKSLDKLKGNKSYVNMD 
LSPVVECMDHALTSLFPKTHYAAGKDAKIFWIPLSHMPAALQDFLLLKQKAELANPKAV 

Important features of the protein: 
Signal peptide: 

amino acids 1-17 

Transmembrane domain: 

amino acids 136-152 

N-glycosylation sites . 

amino acids 161-163, 187-190 and 253-256 

Glycosaminoglycan attachment site. 

amino acids 39-42 

N-myristoylation sites . 

amino acids 36-41, 42-47, 108-113, 166-171, 198-203 and 207-212 
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FIGURE 21 

CTGAGGCGGCGGTAGCATGGAGGGGGAGAGTACGTCGGCGGTGCTCTCGGGCTTTGTGCTCGGCG 
CACTCGCTTTCCAGCACCTCAACACGGACTCGGACACGGAAGGTTTTCTTCTTGGGGAAGTAAAA 
GGTGAAGCCAAGAACAGCATTACTGATTCCCAAATGGATGATGTTGAAGTTGTTTATACAATTGA 
CATTCAGAAATATATTCCATGCTATCAGCTTTTTAGCTTTTATAATTCTTCAGGCGAAGTAAATG 
AGCAAGCACTGAAGAAAATATTATCAAATGTCAAAAAGAATGTGGTAGGTTGGTACAAATTCCGT 
CGTCATTCAGATCAGATCATGACGTTTAGAGAGAGGCTGCTTCACAAAAACTTGCAGGAGCATTT 
TTCAAACCAAGACCTTGTTTTTCTGCTATTAACACCAAGTATAATAACAGAAAGCTGCTCTACTC 
ATCGACTGGAACATTCCTTATATAAACCTCAAAAAGGACTTTTTCACAGGGTACCTTTAGTGGTT 
GCCAATCTGGGCATGTCTGAACAACTGGGTTATAAAACTGTATCAGGTTCCTGTATGTCCACTGG 
TTTTAGCCGAGCAGTACAAACACACAGCTCTAAATTTTTTGAAGAAGATGGATCCTTAAAGGAGG 
TACATAAGATAAATGAAATGTATGCTTCATTACAAGAGGAATTAAAGAGTATATGCAAAAAAGTG 
GAAGACAGTGAACAAGCAGTAGATAAACTAGTAAAGGATGTAAACAGATTAAAACGAGAAATTGA 
GAAAAGGAGAGGAGCACAGATTCAGGCAGCAAGAGAGAAGAACATCCAAAAAGACCCTCAGGAGA 
ACATTTTTCTTTGTCAGGCATTACGGACCTTTTTTCCAAATTCTGAATTTCTTCATTCATGTGTT 
ATGTCTTTAAAAAATAGACATGTTTCTAAAAGTAGCTGTAACTACAACCACCATCTCGATGTAGT 
AGACAATCTGACCTTAATGGTAGAACACACTGACATTCCTGAAGCTAGTCCAGCTAGTACACCAC 
AAATCATTAAGCATAAAGCCTTAGACTTAGATGACAGATGGCAATTCAAGAGATCTCGGTTGTTA 
GATACACAAGACAAACGATCTAAAGCAAATACTGGTAGTAGTAACCAAGATAAAGCATCCAAAAT 
GAGCAGCCCAGAAACAGATGAAGAAATTGAAAAGATGAAGGGTTTTGGTGAATATTCACGGTCTC 
CTACATTT TGA TCCTTTTAACCTTACAAGGAGATTTTTTTATTTGGCTGATGGGTAAAGCCAAAC 
ATTTCTATTGTTTTTACTATGTTGAGCTACTTGCAGTAAGTTCATTTGTTTTTACTATGTTCACC 
TGTTTGCAGTAATACACAGATAACTCTTAGTGCATTTACTTCACAAAGTACTTTTTCAAACATCA 
GATGCTTTTATTTCCAAACCTTTTTTTCACCTTTCACTAAGTTGTTGAGGGGAAGGCTTACACAG 
ACACATTCTTTAGAATTGGAAAAGTGAGACCAGGCACAGTGGCTCACACCTGTAATCCCAGCACT 
TAGGGAAGACAAGTCAGGAGGATTGATTGAAGCTAGGAGTTAGAGACCAGCCTGGGCAACGTATT 
GAGACCATGTCTATTAAAAAATAAAATGGAAAAGCAAGAATAGCCTTATTTTCAAAATATGGAAA 
GAAATTTATATGAAAATTTATCTGAGTCATTAAAATTCTCCTTAAGTGATACTTTTTTAGAAGTA 
CATTATGGCTAGAGTTGCCAGATAAAATGCTGGATATCATGCAATAAATTTGCAAAACATCATCT 
AAAATTTAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 22 

MEGESTSAVLSGFVLGALAFQHLNTDSDTEGFLLGEVKGEAKNSITDSQMDDVEWYTIDIQKYI 
PCYQLFSFYNSSGEVNEQALKKILSNVKKNVVGWYKFRRHSDQIMTFRERLLHKNLQEHFSNQDL 
VFLLLTPSIITESCSTHRLEHSLYKPQKGLFHRVPLVVANLGMSEQLGYKTVSGSCMSTGFSRAV 
QTHSSKFFEEDGSLKEVHKINEMYASLQEELKSICKKVEDSEQAVDKLVKDVNRLKREIEKRRGA 
QIQAAREKNIQKDPQENIFLCQALRTFFPNSEFLHSCVMSLKNRHVSKSSCNYNHHLDVVDNLTL 
MVEHTDIPEASPASTPQIIKHKALDLDDRWQFKRSRLLDTQDKRSKANTGSSNQDKASKMSSPET 
DEEIEKMKGFGEYSRSPTF 

Important features: 
Signal peptide: 

amino acids 1-19 

N-glycosylation sites. 

amino acids 75-79, 322-326 

N-myristoylation site . 

amino acids 184-154 

Growth factor and cytokines receptors family. 

amino acids 134-150 
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FIGURE 23 

GGCACAGCCGCGCGGCGGAGGGCAGAGTCAGCCGAGCCGAGTCCAGCCGGACGAGCGGACCAGCGCAGGGCAGCCCAA 
GCAGCGCGCAGCGAACGCCCGCCGCCGCCCACACCCTCTGCGGTCCCCGCGGCGCCTGCCACCCTTCCCTCCTTCCCC 
GCGTCCCCGCCTCGCCGGCCAGTCAGCTTGCCGGGTTCGCTGCCCCGCGAAACCCCGAGGTCACCAGCCCGCGCCTCT 
GCTTCCCTGGGCCGCGCGCCGCCTCCACGCCCTCCTTCTCCCCTGGCCCGGCGCCTGGCACCGGGGACCGTTGCCTGA 
CGCGAGGCCCAGCTCTACTTTTCGCCCCGCGTCTCCTCCGCCTGCTCGCCTCTTCCACCAACTCCAACTCCTTCTCCC 
TCCAGCTCCACTCGCTAGTCCCCGACTCCGCCAGCCCTCGGCCCGCTGCCGTAGCGCCGCTTCCCGTCCGGTCCCAAA 
GGTGGGAACGCGTCCGCCCCGGCCCGCACCATGGCACGGTTCGGCTTGCCCGCGCTTCTCTGCACCCTGGCAGTGCTC 
AGCGCCGCGCTGCTGGCTGCCGAGCTC7\AGTCGAAAAGTTGCTCGGAAGTGCGACGTCTTTACGTGTCCAAAGGCTTC 
AACAAGAACGATGCCCCCCTCCACGAGATCAACGGTGATCATTTGAAGATCTGTCCCCAGGGTTCTACCTGCTGCTCT 
CAAGAGATGGAGGAGAAGTACAGCCTGCAAAGTAAAGATGATTTCAAAAGTGTGGTCAGCGAACAGTGCAATCATTTG 
CAAGCTGTCTTTGCTTCACGTTACAAGAAGTTTGATGAATTCTTCAAAGAACTACTTGAAAATGCAGAGAAATCCCTG 
AATGATATGTTTGTGAAGACATATGGCCATTTATACATGCAAAATTCTGAGCTATTTAAAGATCTCTTCGTAGAGTTG 
AAACGTTACTACGTGGTGGGAAATGTGAACCTGGAAGAAATGCTAAATGACTTCTGGGCTCGCCTCCTGGAGCGGATG 
TTCCGCCTGGTGAACTCCCAGTACCACTTTACAGATGAGTATCTGGAATGTGTGAGCAAGTATACGGAGCAGCTGAAG 
CCCTTCGGAGATGTCCCTCGCAAATTGAAGCTCCAGGTTACTCGTGCTTTTGTAGCAGCCCGTACTTTCGCTCAAGGC 
TTAGCGGTTGCGGGAGATGTCGTGAGCAAGGTCTCCGTGGTAAACCCCACAGCCCAGTGTACCCATGCCCTGTTGAAG 
ATGATCTACTGCTCCCACTGCCGGGGTCTCGTGACTGTGAAGCCATGTTACAACTACTGCTCAAACATCATGAGAGGC 
TGTTTGGCCAACCAAGGGGATCTCGATTTTGAATGGAACAATTTCATAGATGCTATGCTGATGGTGGCAGAGAGGCTA 
GAGGGTCCTTTCAACATTGAATCGGTCATGGATCCCATCGATGTGAAGATTTCTGATGCTATTATGAACATGCAGGAT 
AATAGTGTTCAAGTGTCTCAGAAGGTTTTCCAGGGATGTGGACCCCCCAAGCCCCTCCCAGCTGGACGAATTTCTCGT 
TCCATCTCTGAAAGTGCCTTCAGTGCTCGCTTCAGACCACATCACCCCGAGGAACGCCCAACCACAGCAGCTGGCACT 
AGTTTGGACCGACTGGTTACTGATGTCAAGGAGAAACTGAAACAGGCCAAGAAATTCTGGTCCTCCCTTCCGAGCAAC 
GTTTGCAACGATGAGAGGATGGCTGCAGGAAACGGCAATGAGGATGACTGTTGGAATGGGAAAGGCAAAAGCAGGTAC 
CTGTTTGCAGTGACAGGAAATGGATTAGCCAACCAGGGCAACAACCCAGAGGTCCAGGTTGACACCAGCAAACCAGAC 
ATACTGATCCTTCGTCAAATCATGGCTCTTCGAGTGATGACCAGCAAGATGAAGAATGCATACAATGGGAACGACGTG 
GACTTCTTTGATATCAGTGATGAAAGTAGTGGAGAAGGAAGTGGAAGTGGCTGTGAGTATCAGCAGTGCCCTTCAGAG 
TTTGACTACAATGCCACTGACCATGCTGGGAAGAGTGCCAATGAGAAAGCCGACAGTGCTGGTGTCCGTCCTGGGGCA 
CAGGCCTACCTCCTCACTGTCTTCTGCATCTTGTTCCTGGTTATGCAGAGAGAGTGGAGATAATTCTCAAACTCTGAG 
AAAAAGTGTTCATCAAAAAGTTT^AAAGGCACCAGTTATCACTTTTCTACCATCCTAGTGACTTTGCTTTTTAAATGAA 
TGGACAACAATGTACAGTTTTTACTATGTGGCCACTGGTTTAAGAAGTGCTGACTTTGTTTTCTCATTCAGTTTTGGG 
AGGAAAAGGGACTGTGCATTGAGTTGGTTCCTGCTCCCCCAAACCATGTTAAACGTGGCTAACAGTGTAGGTACAGAA 
CTATAGTTAGTTGTGCATTTGTGATTTTATCACTCTATTATTTGTTTGTATGTTTTTTTCTCATTTCGTTTGTGGGTT 
TTTTTTTCCAACTGTGATCTCGCCTTGTTTCTTACAAGCAAACCAGGGTCCCTTCTTGGCACGTAACATGTACGTATT 
TCTGAAATATTAAATAGCTGTACAGAAGCAGGTTTTATTTATCATGTTATCTTATTAAAAGAAA7VAGCCCAAAAAGC 
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FIGURE 24 

MARFGLPALLCTLAVLSAALLAAELKSKSCSEVRRLYVSKGFNKNDAPLHEINGDHLKICPQGST 
CCSQEMEEKYSLQSKDDFKSVVSEQCNHLQAVFASRYKKFDEFFKELLENAEKSLNDMFVKTYGH 
LYMQNSELFKDLFVELKRYYVVGNVNLEEMLNDFWARLLERMFRLVNSQYHFTDEYLECVSKYTE 
QLKPFGDVPRKLKLQVTRAFVAARTFAQGLAVAGDVVSKVSVVNPTAQCTHALLKMIYCSHCRGL 
VTVKPCYNYCSNIMRGCLANQGDLDFEWNNFIDAMLMVAERLEGPFNIESVMDPIDVKISDAIMN 
MQDNSVQVSQKVFQGCGPPKPLPAGRISRSISESAFSARFRPHHPEERPTTAAGTSLDRLVTDVK 
EKLKQAKKFWSSLPSNVCNDERMAAGNGNEDDCWNGKGKSRYLFAVTGNGLANQGNNPEVQVDTS 
KPDILILRQIMALRVMTSKMKNAYNGNDVDFFDISDESSGEGSGSGCEYQQCPSEFDYNATDHAG 
KSANEKADSAGVRPGAQAYLLTVFCILFLVMQREWR 

Important features: 
Signal peptide: 

amino acids 1-22 

ATP/GTP-binding site motif A (P-loop) . 

amino acids 515-524 

N-glycosylation site. 

amino acids 514-518 

Glycosaminoglycan attachment sites. 

amino acids 494-498, 498-502 

N-myristoylation sites . 

amino acids 63-69, 224-230, 276-282, 438-444, 497-503, 531-537 
Glypicans proteins . 

amino acids 54-75, 105-157, 238-280, 309-346, 423-460, 468-506 
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FIGURE 25 

CTCGCCCTCAAATGGGAACGCTGGCCTGGGACTAAAGCATAGACCACCAGGCTGAGTATCCTGAC 
CTGAGTCATCCCCAGGGATCAGGAGCCTCCAGCAGGGAACCTTCCATTATATTCTTCAAGCAACT 
TACAGCTGCACCGACAGTTGCGATGAAAGTTCTAATCTCTTCCCTCCTCCTGTTGCTGCCACTAA 
TGCTGATGTCCATGGTCTCTAGCAGCCTGAATCCAGGGGTCGCCAGAGGCCACAGGGACCGAGGC 
CAGGCTTCTAGGAGATGGCTCCAGGAAGGCGGCCAAGAATGTGAGTGCAAAGATTGGTTCCTGAG 
AGCCCCGAGAAGAAAATTCATGACAGTGTCTGGGCTGCCAAAGAAGCAGTGCCCCTGTGATCATT 
TCAAGGGCAATGTGAAGAAAACAAGACACCAAAGGCACCACAGAAAGCCAAACAAGCATTCCAGA 
GCCTGCCAGCAATTTCTCAAACAATGTCAGCTAAGAAGCTTTGCTCTGCCTTTG TAG GAGCTCTG 
AGCGCCCACTCTTCCAATTAAACATTCTCAGCCAAGAAGACAGTGAGCACACCTACCAGACACTC 
TTCTTCTCCCACCTCACTCTCCCACTGTACCCACCCCTAAATCATTCCAGTGCTCTCAAAAAGCA 
TGTTTTTCAAGATCATTTTGTTTGTTGCTCTCTCTAGTGTCTTCTTCTCTCGTCAGTCTTAGCCT 
GTGCCCTCCCCTTACCCAGGCTTAGGCTTAATTACCTGAAAGATTCCAGGAAACTGTAGCTTCCT 
AGCTAGTGTCATTTAACCTTAAATGCAATCAGGAAAGTAGCAAACAGAAGTCAATAAATATTTTT 
AAATGTCAAAAAAAAAAAAAAAAAA 
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FIGURE 26 

MKVLISSLLLLLPLMLMSMVSSSLNPGVARGHRDRGQASRRWLQEGGQECECKDWFLRAPRRKFM 
TVSGLPKKQCPCDHFKGNVKKTRHQRHHRKPNKHSRACQQFLKQCQLRSFALPL 

Important features: 
Signal peptide: 

amino acids 1-22 

N-myristoylation sites . 

amino acids 27-33, 46-52 
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FIGURE 27 

GGACGCCAGCGCCTGCAGAGGCTGAGCAGGGAAAAAGCCAGTGCCCCAGCGGAAGCACAGCTCAG 
AGCTGGTCTGCCATGGACATCCTGGTCCCACTCCTGCAGCTGCTGGTGCTGCTTCTTACCCTGCC 
CCTGCACCTCATGGCTCTGCTGGGCTGCTGGCAGCCCCTGTGCAAAAGCTACTTCCCCTACCTGA 
TGGCCGTGCTGACTCCCAAGAGCAACCGCAAGATGGAGAGCAAGAAACGGGAGCTCTTCAGCCAG 
ATAAAGGGGCTTACAGGAGCCTCCGGGAAAGTGGCCCTACTGGAGCTGGGCTGCGGAACCGGAGC 
CAACTTTCAGTTCTACCCACCGGGCTGCAGGGTCACCTGCCTAGACCCAAATCCCCACTTTGAGA 
AGTTCCTGACAAAGAGCATGGCTGAGAACAGGCACCTCCAATATGAGCGGTTTGTGGTGGCTCCT 
GGAGAGGACATGAGACAGCTGGCTGATGGCTCCATGGATGTGGTGGTCTGCACTCTGGTGCTGTG 
CTCTGTGCAGAGCCCAAGGAAGGTCCTGCAGGAGGTCCGGAGAGTACTGAGACCGGGAGGTGTGC 
TCTTTTTCTGGGAGCATGTGGCAGAACCATATGGAAGCTGGGCCTTCATGTGGCAGCAAGTTTTC 
GAGCCCACCTGGAAACACATTGGGGATGGCTGCTGCCTCACCAGAGAGACCTGGAAGGATCTTGA 
GAACGCCCAGTTCTCCGAAATCCAAATGGAACGACAGCCCCCTCCCTTGAAGTGGCTACCTGTTG 
GGCCCCACATCATGGGAAAGGCTGTCAAACAATCTTTCCCAAGCTCCAAGGCACTCATTTGCTCC 
TTCCCCAGCCTCCAATTAGAACAAGCCACCCACCAGCCTATCTATCTTCCACTGAGAGGGACCTA 
GCAGAATGAGAGAAGACATTCATGTACCACCTACTAGTCCCTCTCTCCCCAACCTCTGCCAGGGC 
AATCTCTAACTTCAATCCCGCCTTCGACAGTGAAAAAGCTCTACTTCTACGCTGACCCAGGGAGG 
AAACACTAGGACCCTGTTGTATCCTCAACTGCAAGTTTCTGGACTAGTCTCCCAACGTTTGCCTC 
CCAATGTTGTCCCTTTCCTTCGTTCCCATGGTAAAGCTCCTCTCGCTTTCCTCCTGAGGCTACAC 
CCATGCGTCTCTAGGAACTGGTCACAAAAGTCATGGTGCCTGCATCCCTGCCAAGCCCCCCTGAC 
CCTCTCTCCCCACTACCACCTTCTTCCTGAGCTGGGGGCACCAGGGAGAATCAGAGATGCTGGGG 
ATGCCAGAGCAAGACTCAAAGAGGCAGAGGTTTTGTTCTCAAATATTTTTTAATAAATAGACGAA 
ACCACG 
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FIGURE 28 

MDILVPLLQLLVLLLTLPLHLMALLGCWQPLCKSYFPYLMAVLTPKSNRKMESKKRELFSQIKGL 
TGASGKVALLELGCGTGANFQFYPPGCRVTCLDPNPHFEKFLTKSMAENRHLQYERFVVAPGEDM 
RQLADGSMDVVVCTLVLCSVQSPRKVLQEVRRVLRPGGVLFFWEHVAEPYGSWAFMWQQVFEPTW 
KHIGDGCCLTRETWKDLENAQFSEIQMERQPPPLKWLPVGPHIMGKAVKQSFPSSKALICSFPSL 
QLEQATHQPIYLPLRGT 

Important features: 
Signal peptide: 

amino acids 1-23 

Leucine zipper pattern. 

amino acids 10-32 

N-myristoylation sites. 

amino acids 64-70, 78-84, 80-86, 91-97, 201-207 
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FIGURE 29 



CAATGTTTGCCTATCCACCTCCCCCAAGCCCCTTTACCTATGCTGCTGCTAACGCTGCTGCTGCT 
GCTGCTGCTGCTTAAAGGCTCATGCTTGGAGTGGGGACTGGTCGGTGCCCAGAAAGTCTCTTCTG 
CCACTGACGCCCCCATCAGGGATTGGGCCTTCTTTCCCCCTTCCTTTCTGTGTCTCCTGCCTCAT 
CGGCCTGCCATGACCTGCAGCCAAGCCCAGCCCCGTGGGGAAGGGGAGAAAGTGGGGGATGGCTA 
AGAAAGCTGGGAGATAGGGAACAGAAGAGGGTAGTGGGTGGGCTAGGGGGGCTGCCTTATTTAAA 
GTGGTTGTTTATGATTCTTATACTAATTTATACAAAGATATTAAGGCCCTGTTCATTAAGAAATT 
GTTCCCTTCCCCTGTGTTCAATGTTTGTAAAGATTGTTCTGTGTAAATATGTCTTTATAATAAAC 
AGTTAAAAGCTGAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 30 

iXILLLTLLLLLLLLKGSCLEWGLVGAQKVSSATDAPIRDWAFFPPSFLCLLPHRPAMTCSQAQPRG 
EGEKVGDG 

Important features : 
Signal peptide: 

amino acids 1-15 

Growth factor and cytokines receptors family: 

amino acids 3-18 
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FIGURE 31 

GTTTGAATTCCTTCAACTATACCCACAGTCCAAAAGCAGACTCACTGTGTCCCAGGCTACCAGTT 
CCTCCAAGCAAGTCATTTCCCTTATTTAACCGATGTGTCCCTCAAACACCTGAGTGCTACTCCCT 
ATTTGCATCTGTTTTGATAAATGATGTTGACACCCTCCACCGAATTCTAAGTGGAATC ATG TCGG 
GAAGAGATACAATCCTTGGCCTGTGTATCCTCGCATTAGCCTTGTCTTTGGCCATGATGTTTACC 
TTCAGATTCATCACCACCCTTCTGGTTCACATTTTCATTTCATTGGTTATTTTGGGATTGTTGTT 
TGTCTGCGGTGTTTTATGGTGGCTGTATTATGACTATACCAACGACCTCAGCATAGAATTGGACA 
CAGAAAGGGAAAATATGAAGTGCGTGCTGGGGTTTGCTATCGTATCCACAGGCATCACGGCAGTG 
CTGCTCGTCTTGATTTTTGTTCTCAGAAAGAGAATAAAATTGACAGTTGAGCTTTTCCAAATCAC 
AAATAAAGCCATCAGCAGTGCTCCCTTCCTGCTGTTCCAGCCACTGTGGACATTTGCCATCCTCA 
TTTTCTTCTGGGTCCTCTGGGTGGCTGTGCTGCTGAGCCTGGGAACTGCAGGAGCTGCCCAGGTT 
ATGGAAGGCGGCCAAGTGGAATATAAGCCCCTTTCGGGCATTCGGTACATGTGGTCGTACCATTT 
AATTGGCCTCATCTGGACTAGTGAATTCATCCTTGCGTGCCAGCAAATGACTATAGCTGGGGCAG 
TGGTTACTTGTTATTTCAACAGAAGTAAAAATGATCCTCCTGATCATCCCATCCTTTCGTCTCTC 
TCCATTCTCTTCTTCTACCATCAAGGAACCGTTGTGAAAGGGTCATTTTTAATCTCTGTGGTGAG 
GATTCCGAGAATCATTGTCATGTACATGCAAAACGCACTGAAAGAACAGCAGCATGGTGCATTGT 
CCAGGTACCTGTTCCGATGCTGCTACTGCTGTTTCTGGTGTCTTGACAAATACCTGCTCCATCTC 
AACCAGAATGCATATACTACAACTGCTATTAATGGGACAGATTTCTGTACATCAGCAAAAGATGC 
ATTCAAAATCTTGTCCAAGAACTCAAGTCACTTTACATCTATTAACTGCTTTGGAGACTTCATAA 
TTTTTCTAGGAAAGGTGTTAGTGGTGTGTTTCACTGTTTTTGGAGGACTCATGGCTTTTAACTAC 
AATCGGGCATTCCAGGTGTGGGCAGTCCCTCTGTTATTGGTAGCTTTTTTTGCCTACTTAGTAGC 
CCATAGTTTTTTATCTGTGTTTGAAACTGTGCTGGATGCACTTTTCCTGTGTTTTGCTGTTGATC 
TGGAAACAAATGATGGATCGTCAGAAAAGCCCTACTTTATGGATCAAGAATTTCTGAGTTTCGTA 
AAAAGGAGCAACAAATTAAACAATGCAAGGGCACAGCAGGACAAGCACTCATTAAGGAATGAGGA 
GGGAACAGAACTCCAGGCCATTGTGAGATAGATACCCATTTAGGTATCTGTACCTGGAAAACATT 
TCCTTCTAAGAGCCATTTACAGAATAGAAGATGAGACCACTAGAGAAAAGTTAGTGAATTTTTTT 
TTAAAAGACCTAATAAACCCTATTCTTCCTCAAAA 
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FIGURE 32 

MSGRDTILGLCILALALSLAMMFTFRFITTLLVHIFISLVILGLLFVCGVLWWLYYDYTNDLSIE 
LDTERENMKCVLGFAIVSTGITAVLLVLIFVLRKRIKLTVELFQITNKAISSAPFLLFQPLWTFA 
ILIFFWVLWVAVLLSLGTAGAAQVMEGGQVEYKPLSGIRYMWSYHLIGLIWTSEFILACQQMTIA 
GAVVTCYFNRSKNDPPDHPILSSLSILFFYHQGTVVKGSFLISVVRIPRIIVMYMQNALKEQQHG 
ALSRYLFRCCYCCFWCLDKYLLHLNQNAYTTTAINGTDFCTSAKDAFKILSKNSSHFTSINCFGD 
FIIFLGKVLVVCFTVFGGLMAFNYNRAFQVWAVPLLLVAFFAYLVAHSFLSVFETVLDALFLCFA 
VDLETNDGSSEKPYFMDQEFLSFVKRSNKLNNARAQQDKHSLRNEEGTELQAIVR 

Important features: 
Signal peptide: 

amino acids 1-20 

Putative transmembrane domains: 

amino acids 35-54, 75-97, 126-146, 185-204, 333-350, 352-371 

N-glycosylation sites. 

amino acids 204-208, 295-299, 313-317 

N-myristoylation sites . 

amino acids 147-153, 178-184, 196-202, 296-275, 342-348 
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FIGURE 33 

GTTCGATTAGCTCCTCTGAGAAGAAGAGAAAAGGTTCTTGGACCTCTCCCTGTTTCTTCCTTAGA 

ATAATTTGTATGGGATTTGTGATGCAGGAAAGCCTAAGGGAAAAAGAATATTCATTCTGTGTGGT 

GAAAATTTTTTGAAAAAAAAATTGCCTTCTTCAAACAAGGGTGTCATTCTGATATTT ATG AGGAC 

TGTTGTTCTCACTATGAAGGCATCTGTTATTGAAATGTTCCTTGTTTTGCTGGTGACTGGAGTAC 

ATTCAAACAAAGAAACGGCAAAGAAGATTAAAAGGCCCAAGTTCACTGTGCCTCAGATCAACTGC 

GATGTCAAAGCCGGAAAGATCATCGATCCTGAGTTCATTGTGAAATGTCCAGCAGGATGCCAAGA 

CCCCAAATACCATGTTTATGGCACTGACGTGTATGCATCCTACTCCAGTGTGTGTGGCGCTGCCG 

TACACAGTGGTGTGCTTGATAATTCAGGAGGGAAAATACTTGTTCGGAAGGTTGCTGGACAGTCT 

GGTTACAAAGGGAGTTATTCCAACGGTGTCCAATCGTTATCCCTACCACGATGGAGAGAATCCTT 

TATCGTCTTAGAAAGTAAACCCAAAAAGGGTGTAACCTACCCATCAGCTCTTACATACTCATCAT 

CGAAAAGTCCAGCTGCCCAAGCAGGTGAGACCACAAAAGCCTATCAGAGGCCACCTATTCCAGGG 

ACAACTGCACAGCCGGTCACTCTGATGCAGCTTCTGGCTGTCACTGTAGCTGTGGCCACCCCCAC 

CACCTTGCCAAGGCCATCCCCTTCTGCTGCTTCTACCACCAGCATCCCCAGACCACAATCAGTGG 

GCCACAGGAGCCAGGAGATGGATCTCTGGTCCACTGCCACCTACACAAGCAGCCAAAACAGGCCC 

AGAGCTGATCCAGGTATCCAAAGGCAAGATCCTTCAGGAGCTGCCTTCCAGAAACCTGTTGGAGC 

GGATGTCAGCCTGGGACTTGTTCCAAAAGAAGAATTGAGCACACAGTCTTTGGAGCCAGTATCCC 

TGGGAGATCCAAACTGCAAAATTGACTTGTCGTTTTTAATTGATGGGAGCACCAGCATTGGCAAA 

CGGCGATTCCGAATCCAGAAGCAGCTCCTGGCTGATGTTGCCCAAGCTCTTGACATTGGCCCTGC 

CGGTCCACTGATGGGTGTTGTCCAGTATGGAGACAACCCTGCTACTCACTTTAACCTCAAGACAC 

ACACGAATTCTCGAGATCTGAAGACAGCCATAGAGAAAATTACTCAGAGAGGAGGACTTTCTAAT 

GTAGGTCGGGCCATCTCCTTTGTGACCAAGAACTTCTTTTCCAAAGCCAATGGAAACAGAAGCGG 

GGCTCCCAATGTGGTGGTGGTGATGGTGGATGGCTGGCCCACGGACAAAGTGGAGGAGGCTTCAA 

GACTTGCGAGAGAGTCAGGAATCAACATTTTCTTCATCACCATTGAAGGTGCTGCTGAAAATGAG 

AAGCAGTATGTGGTGGAGCCCAACTTTGCAAACAAGGCCGTGTGCAGAACAAACGGCTTCTACTC 

GCTCCACGTGCAGAGCTGGTTTGGCCTCCACAAGACCCTGCAGCCTCTGGTGAAGCGGGTCTGCG 

ACACTGACCGCCTGGCCTGCAGCAAGACCTGCTTGAACTCGGCTGACATTGGCTTCGTCATCGAC 

GGCTCCAGCAGTGTGGGGACGGGCAACTTCCGCACCGTCCTCCAGTTTGTGACCAACCTCACCAA 

AGAGTTTGAGATTTCCGACACGGACACGCGCATCGGGGCCGTGCAGTACACCTACGAACAGCGGC 

TGGAGTTTGGGTTCGACAAGTACAGCAGCAAGCCTGACATCCTCAACGCCATCAAGAGGGTGGGC 

TACTGGAGTGGTGGCACCAGCACGGGGGCTGCCATCAACTTCGCCCTGGAGCAGCTCTTCAAGAA 

GTCCAAGCCCAACAAGAGGAAGTTAATGATCCTCATCACCGACGGGAGGTCCTACGACGACGTCC 

GGATCCCAGCCATGGCTGCCCATCTGAAGGGAGTGATCACCTATGCGATAGGCGTTGCCTGGGCT 

GCCCAAGAGGAGCTAGAAGTCATTGCCACTCACCCCGCCAGAGACCACTCCTTCTTTGTGGACGA 

GTTTGACAACCTCCATCAGTATGTCCCCAGGATCATCCAGAACATTTGTACAGAGTTCAACTCAC 

AGCCTCGGAAC TGA ATTCAGAGCAGGCAGAGCACCAGCAAGTGCTGCTTTACTAACTGACGTGTT 

GGACCACCCCACCGCTTAATGGGGCACGCACGGTGCATCAAGTCTTGGGCAGGGCATGGAGAAAC 

AAATGTCTTGTTATTATTCTTTGCCATCATGCTTTTTCATATTCCAAAACTTGGAGTTACAAAGA 

TGATCACAAACGTATAGAATGAGCCAAAAGGCTACATCATGTTGAGGGTGCTGGAGATTTTACAT 

TTTGACAATTGTTTTCAAAATAAATGTTCGGAATACAGTGCAGCCCTTACGACAGGCTTACGTAG 

AGCTTTTGTGAGATTTTTAAGTTGTTATTTCTGATTTGAACTCTGTAACCCTCAGCAAGTTTCAT 

TTTTGTCATGACAATGTAGGAATTGCTGAATTAAATGTTTAGAAGGATGAAAAATAAAAAAAAAA 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA^ 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAG 
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FIGURE 34 

MRTWLTMKASVIEMFLVLLVTGVHSNKETAKKIKRPKFTVPQINCDVKAGKIIDPEFIVKCPAG 
CQDPKYHVYGTDVYASYSSVCGAAVHSGVLDNSGGKILVRKVAGQSGYKGSYSNGVQSLSLPRWR 
ESFIVLESKPKKGVTYPSALTYSSSKSPAAQAGETTKAYQRPPIPGTTAQPVTLMQLLAVTVAVA 
TPTTLPRPSPSAASTTSIPRPQSVGHRSQEMDLWSTATYTSSQNRPRADPGIQRQDPSGAAFQKP 
VGADVSLGLVPKEELSTQSLEPVSLGDPNCKIDLSFLIDGSTSIGKRRFRIQKQLLADVAQALDI 
GPAGPLMGVVQYGDNPATHFNLKTHTNSRDLKTAIEKITQRGGLSNVGRAISFVTKNFFSKANGN 
RSGAPNVVVVMVDGWPTDKVEEASRLARESGINIFFITIEGAAENEKQYVVEPNFANKAVCRTNG 
FYSLHVQSWFGLHKTLQPLVKRVCDTDRLACSKTCLNSADIGFVIDGSSSVGTGNFRTVLQFVTN 
LTKEFEISDTDTRIGAVQYTYEQRLEFGFDKYSSKPDILNAIKRVGYWSGGTSTGAAINFALEQL 
FKKSKPNKRKLMILITDGRSYDDVRIPAMAAHLKGVITYAIGVAWAAQEELEVIATHPARDHSFF 
VDEFDNLHQYVPRIIQNICTEFNSQPRN 

Important features : 
Signal peptide: 

amino acids 1-2 6 

Transmembrane domain: 

amino acids 181-200 

N-glycosylation sites. 

amino acids 390-394, 520-524 

N-myristoylation sites . 

amino acids 23-29, 93-99, 115-121, 262-268, 367-373, 389-395, 
431-437, 466-472, 509-515, 570-576, 571-577, 575-581, 627-633 

Amidation site . 

amino acids 304-308 
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FIGURE 35 



CCGAGCACAGGAGATTGCCTGCGTTTAGGAGGTGGCTGCGTTGTGGGAAAAGCTATCAAGGAAGAAATTGC 
CAAACCATGTCTTTTTTTCTGTTTTCAGAGTAGTTCACAACAGATCTGAGTGTTTTAATTAAGCATGGAAT 
ACAGAAAACAACAAAAAACTTAAGCTTTAATTTCATCTGGAATTCCACAGTTTTCTTAGCTCCCTGGACCC 
GGTTGACCTGTTGGCTCTTCCCGCTGGCTGCTCTATCACGTGGTGCTCTCCGACTACTCACCCCGAGTGTA 
AAGAACCTTCGGCTCGCGTGCTTCTGAGCTGCTGTGG ATG GCCTCGGCTCTCTGGACTGTCCTTCCGAGTA 
GGATGTCACTGAGATCCCTCAAATGGAGCCTCCTGCTGCTGTCACTCCTGAGTTTCTTTGTGATGTGGTAC 
CTCAGCCTTCCCCACTACAATGTGATAGAACGCGTGAACTGGATGTACTTCTATGAGTATGAGCCGATTTA 
CAGACAAGACTTTCACTTCACACTTCGAGAGCATTCAAACTGCTCTCATCAAAATCCATTTCTGGTCATTC 
TGGTGACCTCCCACCCTTCAGATGTGAAAGCCAGGCAGGCCATTAGAGTTACTTGGGGTGAAAAAAAGTCT 
TGGTGGGGATATGAGGTTCTTACATTTTTCTTATTAGGCCAAGAGGCTGAAAAGGAAGACAAAATGTTGGC 
ATTGTCCTTAGAGGATGAACACCTTCTTTATGGTGACATAATCCGACAAGATTTTTTAGACACATATAATA 
ACCTGACCTTGAAAACCATTATGGCATTCAGGTGGGTAACTGAGTTTTGCCCCAATGCCAAGTACGTAATG 
AAGACAGACACTGATGTTTTCATCAATACTGGCAATTTAGTGAAGTATCTTTTAAACCTAAACCACTCAGA 
GAAGTTTTTCACAGGTTATCCTCTAATTGATAATTATTCCTATAGAGGATTTTACCAAAAAACCCATATTT 
CTTACCAGGAGTATCCTTTCAAGGTGTTCCCTCCATACTGCAGTGGGTTGGGTTATATAATGTCCAGAGAT 
TTGGTGCCAAGGATCTATGAAATGATGGGTCACGTAAAACCCATCAAGTTTGAAGATGTTTATGTCGGGAT 
C T G T T T G AAT T TAT T AAAAG T G AAC AT T CAT AT T C C AG AAG AC AC AAAT CTTTTCTTT C T AT AT AG AAT C C 
ATTTGGATGTCTGTCAACTGAGACGTGTGATTGCAGCCCATGGCTTTTCTTCCAAGGAGATCATCACTTTT 
TGGCAGGTCATGCTAAGGAACACCACATGCCATTATTAACTTCACATTCTACAAAAAGCCTAGAAGGACAG 
GATACCTTGTGGAAAGTGTTAAATAAAGTAGGTACTGTGGAAAATTCATGGGGAGGTCAGTGTGCTGGCTT 
ACACTGAACTGAAACTCATGAAAAACCCAGACTGGAGACTGGAGGGTTACACTTGTGATTTATTAGTCAGG 
CCCTTCAAAGATGATATGTGGAGGAATTAAATATAAAGGAATTGGAGGTTTTTGCTAAAGAAATTAATAGG 
ACCAAACAATTTGGACATGTCATTCTGTAGACTAGAATTTCTTAAAAGGGTGTTACTGAGTTATAAGCTCA 
CTAGGCTGTAAAAACAAAACAATGTAGAGTTTTATTTATTGAACAATGTAGTCACTTGAAGGTTTTGTGTA 
TATCTTATGTGGATTACCAATTTAAAAATATATGTAGTTCTGTGTCAAAAAACTTCTTCACTGAAGTTATA 
CTGAACAAAATTTTACCTGTTTTTGGTCATTTATAAAGTACTTCAAGATGTTGCAGTATTTCACAGTTATT 
ATTATTTAAAATTACTTCAACTTTGTGTTTTTAAATGTTTTGACGATTTCAATACAAGATAAAAAGGATAG 
TGAATCATTCTTTACATGCAAACATTTTCCAGTTACTTAACTGATCAGTTTATTATTGATACATCACTCCA 
TTAATGTAAAGTCATAGGTCATTATTGCATATCAGTAATCTCTTGGACTTTGTTAAATATTTTACTGTGGT 
AAT AT AG AG AAG AAT T AAAG C AAG AAAAT C T G AAAA 
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FIGURE 36 

MASALWTVLPSRMSLRSLKWSLLLLSLLSFFVMWYLSLPHYNVIERVNWMYFYEYEPIYRQDFHF 
TLREHSNCSHQNPFLVILVTSHPSDVKARQAIRVTWGEKKSWWGYEVLTFFLLGQEAEKEDKMLA 
LSLEDEHLLYGDIIRQDFLDTYNNLTLKTIMAFRWVTEFCPNAKYVMKTDTDVFINTGNLVKYLL 
NLNHSEKFFTGYPLIDNYSYRGFYQKTHISYQEYPFKVFPPYCSGLGYIMSRDLVPRIYEMMGHV 
KPIKFEDVYVGICLNLLKVNIHIPEDTNLFFLYRIHLDVCQLRRVIAAHGFSSKEIITFWQVMLR 
NTTCHY 

Important features : 

Type II transmembrane domain: 

amino acids 20-39 

N-glycosylation sites . 

amino acids 72-76, 154-158, 198-202, 212-216, 326-330 

Glycosaminoglycan attachment site. 

amino acids 239-243 

Ly-6 / u-PAR domain proteins. 

amino acids 23-37 

N-myristoylation site. 

amino acids 271-277 
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FIGURE 37 



CGCTCGGGCACCAGCCGCGGCAAGGATGGAGCTGGGTTGCTGGACGCAGTTGGGGCTCACTTTTCTTCAGCTCCTTCT 

CATCTCGTCCTTGCCAAGAGAGTACACAGTCATTAATGAAGCCTGCCCTGGAGCAGAGTGGAATATCATGTGTCGGGA 

GTGCTGTGAATATGATCAGATTGAGTGCGTCTGCCCCGGAAAGAGGGAAGTCGTGGGTTATACCATCCCTTGCTGCAG 

GAATGAGGAGAATGAGTGTGACTCCTGCCTGATCCACCCAGGTTGTACCATCTTTGAAAACTGCAAGAGCTGCCGAAA 

TGGCTCATGGGGGGGTACCTTGGATGACTTCTATGTGAAGGGGTTCTACTGTGCAGAGTGCCGAGCAGGCTGGTACGG 

AGGAGACTGCATGCGATGTGGCCAGGTTCTGCGAGCCCCATVAGGGTCAGATTTTGTTGGAAAGCTATCCCCTAAATGC 

TCACTGTGAATGGACCATTCATGCTAAACCTGGGTTTGTCATCC7\ACTAAGATTTGTCATGTTGAGTCTGGAGTTTGA 

CTACATGTGCCAGTATGACTATGTTGAGGTTCGTGATGGAGACAACCGCGATGGCCAGATCATCAAGCGTGTCTGTGG 

CAACGAGCGGCCAGCTCCTATCCAGAGCATAGGATCCTCACTCCACGTCCTCTTCCACTCCGATGGCTCCAAGAATTT 

TGACGGTTTCCATGCCATTTATGAGGAGATCACAGCATGCTCCTCATCCCCTTGTTTCCATGACGGCACGTGCGTCCT 

TGACAAGGCTGGATCTTACAAGTGTGCCTGCTTGGCAGGCTATACTGGGCAGCGCTGTGAAAATCTCCTTGAAGAAAG 

AAACTGCTCAGACCCTGGGGGCCCAGTCAATGGGTACCAGAAAATAACAGGGGGCCCTGGGCTTATCAACGGACGCCA 

TGCTAAAATTGGCACCGTGGTGTCTTTCTTTTGTAACAACTCCTATGTTCTTAGTGGCAATGAGAAAAGAACTTGCCA 

GCAGAATGGAGAGTGGTCAGGGAAACAGCCCATCTGCATAAAAGCCTGCCGAGAACCAAAGATTTCAGACCTGGTGAG 

AAGGAGAGTTCTTCCGATGCAGGTTCAGTCAAGGGAGACACCATTACACCAGCTATACTCAGCGGCCTTCAGCAAGCA 

GAAACTGCAGAGTGCCCCTACCAAGAAGCCAGCCCTTCCCTTTGGAGATCTGCCCATGGGATACCAACATCTGCATAC 

CCAGCTCCAGTATGAGTGCATCTCACCCTTCTACCGCCGCCTGGGCAGCAGCAGGAGGACATGTCTGAGGACTGGGAA 

GTGGAGTGGGCGGGCACCATCCTGCATCCCTATCTGCGGGAAAATTGAGAACATCACTGCTCCAAAGACCCAAGGGTT 

GCGCTGGCCGTGGCAGGCAGCCATCTACAGGAGGACCAGCGGGGTGCATGACGGCAGCCTACACAAGGGAGCGTGGTT 

CCTAGTCTGCAGCGGTGCCCTGGTGAATGAGCGCACTGTGGTGGTGGCTGCCCACTGTGTTACTGACCTGGGGAAGGT 

C AC CAT GAT C AAG AC AG C AGACC T G AAAG TTGTTTTG G GG AAAT TC T AC C GG GAT GAT G AC C GGGAT G AG AAGAC CAT 

CCAGAGCCTACAGATTTCTGCTATCATTCTGCATCCCAACTATGACCCCATCCTGCTTGATGCTGACATCGCCATCCT 

GAAGCTCCTAGACAAGGCCCGTATCAGCACCCGAGTCCAGCCCATCTGCCTCGCTGCCAGTCGGGATCTCAGCACTTC 

CTTCCAGGAGTCCCACATCACTGTGGCTGGCTGGAATGTCCTGGCAGACGTGAGGAGCCCTGGCTTCAAGAACGACAC 

ACTGCGCTCTGGGGTGGTCAGTGTGGTGGACTCGCTGCTGTGTGAGGAGCAGCATGAGGACCATGGCATCCCAGTGAG 

TGTCACTGATAACATGTTCTGTGCCAGCTGGGAACCCACTGCCCCTTCTGATATCTGCACTGCAGAGACAGGAGGCAT 

CGCGGCTGTGTCCTTCCCGGGACGAGCATCTCCTGAGCCACGCTGGCATCTGATGGGACTGGTCAGCTGGAGCTATGA 

TAAAACATGCAGCCACAGGCTCTCCACTGCCTTCACCAAGGTGCTGCCTTTTAAAGACTGGATTGAAAGAAATATGAA 

ATGAACCATGCTCATGCACTCCTTGAGAAGTGTTTCTGTATATCCGTCTGTACGTGTGTCATTGCGTGAAGCAGTGTG 

GGCCTGAAGTGTGATTTGGCCTGTGAACTTGGCTGTGCCAGGGCTTCTGACTTCAGGGACAAAACTCAGTGAAGGGTG 

AGTAGACCTCCATTGCTGGTAGGCTGATGCCGCGTCCACTACTAGGACAGCCAATTGGAAGATGCCAGGGCTTGCAAG 

AAGTAAGTTTCTTCAAAGAAGACCATATACAAAACCTCTCCACTCCACTGACCTGGTGGTCTTCCCCAACTTTCAGTT 

ATACGAATGCCATCAGCTTGACCAGGGAAGATCTGGGCTTCATGAGGCCCCTTTTGAGGCTCTCAAGTTCTAGAGAGC 

TGCCTGTGGGACAGCCCAGGGCAGCAGAGCTGGGATGTGGTGCATGCCTTTGTGTACATGGCCACAGTACAGTCTGGT 

CCTTTTCCTTCCCCATCTCTTGTACACATTTTAATAAAATAAGGGTTG^ 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 38 

MELGCWTQLGLTFLQLLLISSLPREYTVINEACPGAEWNIMCRECCEYDQIECVCPGKREVVGYT 
IPCCRNEENECDSCLIHPGCTIFENCKSCRNGSWGGTLDDFYVKGFYCAECRAGWYGGDCMRCGQ 
VLRAPKGQILLESYPLNAHCEWTIHAKPGFVIQLRFVMLSLEFDYMCQYDYVEVRDGDNRDGQII 
KRVCGNERPAPIQSIGSSLHVLFHSDGSKNFDGFHAIYEEITACSSSPCFHDGTCVLDKAGSYKC 
ACLAGYTGQRCENLLEERNCSDPGGPVNGYQKITGGPGLINGRHAKIGTVVSFFCNNSYVLSGNE 
KRTCQQNGEWSGKQPICIKACREPKISDLVRRRVLPMQVQSRETPLHQLYSAAFSKQKLQSAPTK 
KPALPFGDLPMGYQHLHTQLQYECISPFYRRLGSSRRTCLRTGKWSGRAPSCIPICGKIENITAP 
KTQGLRWPWQAAIYRRTSGVHDGSLHKGAWFLVCSGALVNERTVVVAAHCVTDLGKVTMIKTADL 
KVVLGKFYRDDDRDEKTIQSLQISAIILHPNYDPILLDADIAILKLLDKARISTRVQPICLAASR 
DLSTSFQESHITVAGWNVLADVRSPGFKNDTLRSGWSVVDSLLCEEQHEDHGIPVSVTDNMFCA 
SWEPTAPSDICTAETGGIAAVSFPGRASPEPRWHLMGLVSWSYDKTCSHRLSTAFTKVLPFKDWI 
ERNMK 

Important features of the protein: 
Signal peptide: 

amino acids 1-23 

EGF-like domain cysteine pattern signature. 

amino acids 260-272 
N-glycosylation sites. 

amino acids 96-100, 279-283, 316-320, 451-455, 614-618 
N-myristoylation sites . 

amino acids 35-41, 97-103, 256-262, 284-290, 298-304, 308-314, 
474-480, 491-497, 638-644, 666-672 
Amidation site, 
amino acids 56-60 

Serine proteases, trypsin family. 

amino acids 489-506 

CUB domain proteins profile. 

amino acids 150-167 
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FIGURE 39 



GGTTCCTACATCCTCTCATCTGAGAATCAGAGAGCATAATCTTCTTACGGGCCCGTGATTTATTAACGTGGCTTAATC 
TGAAGGTTCTCAGTCAAATTCTTTGTGATCTACTGATTGTGGGGGCATGGCAAGGTTTGCTTAAAGGAGCTTGGCTGG 
TTTGGGCCCTTGTAGCTGACAGAAGGTGGCCAGGGAGAATGCAGCACACTGCTCGGAGAATGAAGGCGCTTCTGTTGC 
TGGTCTTGCCTTGGCTCAGTCCTGCTAACTACATTGACAATGTGGGCAACCTGCACTTCCTGTATTCAGT^ACTCTGTA 
AAGGTGCCTCCCACTACGGCCTGACCAAAGATAGGAAGAGGCGCTCACAAGATGGCTGTCCAGACGGCTGTGCGAGCC 
TCACAGCCACGGCTCCCTCCCCAGAGGTTTCTGCAGCTGCCACCATCTCCTTAATGACAGACGAGCCTGGCCTAGACA 
ACCCTGCCTACGTGTCCTCGGCAGAGGACGGGCAGCCAGCAATCAGCCCAGTGGACTCTGGCCGGAGCAACCGAACTA 
GGGCACGGCCCTTTGAGAGATCCACTATTAGAAGCAGATCATTTAAAAAAATAAATCGAGCTTTGAGTGTTCTTCGAA 
GGACAAAGAGCGGGAGTGCAGTTGCC7\ACCATGCCGACCAGGGCAGGGAAAATTCTGAAAACACCACTGCCCCTGAAG 
T C T T T CC AAGG T T G T AC C AC C T GAT T C C AG AT GG T GAAAT T AC C AG CAT C AAG AT C AAT C G AG T AG ATC C C AG T GAAA 
GCCTCTCTATTAGGCTGGTGGGAGGTAGCGAAACCCCACTGGTCCATATCATTATCCAACACATTTATCGTGATGGGG 
TGATCGCCAGAGACGGCCGGCTACTGCCAGGAGACATCATTCTAAAGGTCAACGGGATGGACATCAGCAATGTCCCTC 
ACAACTACGCTGTGCGTCTCCTGCGGCAGCCCTGCCAGGTGCTGTGGCTGACTGTGATGCGTGAACAGAAGTTCCGCA 
GCAGGAACAATGGACAGGCCCCGGATGCCTACAGACCCCGAGATGACAGCTTTCATGTGATTCTCAACAAAAGTAGCC 
CCGAGGAGCAGCTTGGAATAAAACTGGTGCGCAAGGTGGATGAGCCTGGGGTTTTCATCTTCAATGTGCTGGATGGCG 
GTGTGGCATATCGACATGGTCAGCTTGAGGAGAATGACCGTGTGTTAGCCATCAATGGACATGATCTTCGATATGGCA 
GCCCAGAAAGTGCGGCTCATCTGATTCAGGCCAGTGAAAGACGTGTTCACCTCGTCGTGTCCCGCCAGGTTCGGCAGC 
GGAGCCCTGACATCTTTCAGGAAGCCGGCTGGAACAGCAATGGCAGCTGGTCCCCAGGGCCAGGGGAGAGGAGCAACA 
CTCCCAAGCCCCTCCATCCTACAATTACTTGTCATGAGAAGGTGGTAAATATCCAAAAAGACCCCGGTGAATCTCTCG 
GCATGACCGTCGCAGGGGGAGCATCACATAGAGAATGGGATTTGCCTATCTATGTCATCAGTGTTGAGCCCGGAGGAG 
TCATAAGCAGAGATGGAAGAATAAAAACAGGTGACATTTTGTTGAATGTGGATGGGGTCGAACTGACAGAGGTCAGCC 
GGAGTGAGGCAGTGGCATTATTGAAAAGAACATCATCCTCGATAGTACTCAAAGCTTTGGAAGTCAAAGAGTATGAGC 
CCCAGGAAGACTGCAGCAGCCCAGCAGCCCTGGACTCCAACCACAACATGGCCCCACCCAGTGACTGGTCCCCATCCT 
GGGTCATGTGGCTGGAATTACCACGGTGCTTGTATAACTGTAAAGATATTGTATTACGAAGA7VACACAGCTGGAAGTC 
TGGGCTTCTGCATTGTAGGAGGTTATGAAGAATACAATGGAAACAAACCTTTTTTCATCAAATCCATTGTTGAAGGAA 
CACCAGCATACAATGATGGAAGAATTAGATGTGGTGATATTCTTCTTGCTGTCAATGGTAGAAGTACATCAGGAATGA 
TACATGCTTGCTTGGCAAGACTGCTGAAAGAACTTAAAGGAAGAATTACTCTAACTATTGTTTCTTGGCCTGGCACTT 
T T T T ATAGAAT CAATGATGGGT C AGAGGAAAAC AG AAAAAT CAC AAAT AGGC T AAGAAGT TGAAAC AC T AT AT T T ATC 
TTGTCAGTTTTTATATTTAAAGAAAGAATACATTGTAAAAATGTCAGGAAAAGTATGATCATCTAATGAAAGCCAGTT 
ACACCTCAGAAAATATGATTCCAAAAAAATTAAAACTACTAGTTTTTTTTCAGTGTGGAGGATTTCTCATTACTCTAC 
AACATTGTTTATATTTTTTCTATTCAATAAAAAGCCCTAAAACAACTAAAATGATTGATTTGTATACCCCACTGAATT 
CAAGCTGATTTAAATTTAAAATTTGGTATATGCTGAAGTCTGCCAAGGGTACATTATGGCCATTTTTAATTTACAGCT 
AAAAT AT T T T T T AAAAT GC AT T GC T G AG AAAC GTTGCTTT CAT C AAAC AAG AAT AAAT AT T T T T C AG AAG T T AAA 
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FIGURE 40 

MKALLLLVLPWLSPANYIDNVGNLHFLYSELCKGASHYGLTKDRKRRSQDGCPDGCASLTATAPS 
PEVSAAATISLMTDEPGLDNPAYVSSAEDGQPAISPVDSGRSNRTRARPFERSTIRSRSFKKINR 
ALSVLRRTKSGSAVANHADQGRENSENTTAPEVFPRLYHLIPDGEITSIKINRVDPSESLSIRLV 
GGSETPLVHIIIQHIYRDGVIARDGRLLPGDIILKVNGMDISNVPHNYAVRLLRQPCQVLWLTVM 
REQKFRSRNNGQAPDAYRPRDDSFHVILNKSSPEEQLGIKLVRKVDEPGVFIFNVLDGGVAYRHG 
QLEENDRVLAINGHDLRYGSPESAAHLIQASERRVHLVVSRQVRQRSPDIFQEAGWNSNGSWSPG 
PGERSNTPKPLHPTITCHEKVVNIQKDPGESLGMTVAGGASHREWDLPIYVISVEPGGVISRDGR 
IKTGDILLNVDGVELTEVSRSEAVALLKRTSSSIVLKALEVKEYEPQEDCSSPAALDSNHNMAPP 
SDWSPSWVMWLELPRCLYNCKDIVLRRNTAGSLGFCIVGGYEEYNGNKPFFIKSIVEGTPAYNDG 
RIRCGDILLAVNGRSTSGMIHACLARLLKELKGRITLTIVSWPGTFL 

Important features: 
Signal peptide: 

amino acids 1-15 

N-glycosylation sites . 

amino acids 108-112, 157-161, 289-293, 384-388 

Tyrosine kinase phosphorylation sites. 

amino acids 433-441, 492-500 

N-myristoylation sites. 

amino acids 51-57, 141-147, 233-239, 344-350, 423-429, 447-453, 
467-473, 603-609 
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FIGURE 41 

ACCAGGCATTGTATCTTCAGTTGTCATCAAGTTCGCAATCAGATTGGAAAAGCTCAACTTGAAGC 
TTTCTTGCCTGCAGTGAAGCAGAGAGATAGATATTATTCACGTAATAAAAAACATGGGCTTCAAC 
CTGACTTTCCACCTTTCCTACAAATTCCGATTACTGTTGCTGTTGACTTTGTGCCTGACAGTGGT 
TGGGTGGGCCACCAGTAACTACTTCGTGGGTGCCATTCAAGAGATTCCTAAAGCAAAGGAGTTCA 
TGGCTAATTTCCATAAGACCCTCATTTTGGGGAAGGGAAAAACTCTGACTAATGAAGCATCCACG 
AAGAAGGTAGAACTTGACAACTGTCCTTCTGTGTCTCCTTACCTCAGAGGCCAGAGCAAGCTCAT 
TTTCAAACCAGATCTCACTTTGGAAGAGGTACAGGCAGAAAATCCCAAAGTGTCCAGAGGCCGGT 
ATCGCCCTCAGGAATGTAAAGCTTTACAGAGGGTCGCCATCCTCGTTCCCCACCGGAACAGAGAG 
AAACACCTGATGTACCTGCTGGAACATCTGCATCCCTTCCTGCAGAGGCAGCAGCTGGATTATGG 
CATCTACGTCATCCACCAGGCTGAAGGTAAAAAGTTTAATCGAGCCAAACTCTTGAATGTGGGCT 
ATCTAGAAGCCCTCAAGGAAGAAAATTGGGACTGCTTTATATTCCACGATGTGGACCTGGTACCC 
GAGAATGACTTTAACCTTTACAAGTGTGAGGAGCATCCCAAGCATCTGGTGGTTGGCAGGAACAG 
CACTGGGTACAGGTTACGTTACAGTGGATATTTTGGGGGTGTTACTGCCCTAAGCAGAGAGCAGT 
TTTTCAAGGTGAATGGATTCTCTAACAACTACTGGGGATGGGGAGGCGAAGACGATGACCTCAGA 
CTCAGGGTTGAGCTCCAAAGAATGAAAATTTCCCGGCCCCTGCCTGAAGTGGGTAAATATACAAT 
GGTCTTCCACACTAGAGACAAAGGCAATGAGGTGAACGCAGAACGGATGAAGCTCTTACACCAAG 
TGTCACGAGTCTGGAGAACAGATGGGTTGAGTAGTTGTTCTTATAAATTAGTATCTGTGGAACAC 
AATCCTTTATATATCAACATCACAGTGGATTTCTGGTTTGGTGCA TGA CCCTGGATCTTTTGGTG 
ATGTTTGGAAGAACTGATTCTTTGTTTGCAATAATTTTGGCCTAGAGACTTCAAATAGTAGCACA 
CATTAAGAACCTGTTACAGCTCATTGTTGAGCTGAATTTTTCCTTTTTGTATTTTCTTAGCAGAG 
CTCCTGGTGATGTAGAGTATAAAACAGTTGTAACAAGACAGCTTTCTTAGTCATTTTGATCATGA 
GGGTTAAATATTGTAATATGGATACTTGAAGGACTTTATATAAAAGGATGACTCAAAGGATAAAA 
TGAACGCTATTTGAGGACTCTGGTTGAAGGAGATTTATTTAAATTTGAAGTAATATATTATGGGA 
TAAAAGGCCACAGGAAATAAGACTGCTGAATGTCTGAGAGAACCAGAGTTGTTCTCGTCCAAGGT 
AGAAAGGTACGAAGATACAATACTGTTATTCATTTATCCTGTACAATCATCTGTGAAGTGGTGGT 
GTCAGGTGAGAAGGCGTCCACAAAAGAGGGGAGAAAAGGCGACGAATCAGGACACAGTGAACTTG 
GGAATGAAGAGGTAGCAGGAGGGTGGAGTGTCGGCTGCAAAGGCAGCAGTAGCTGAGCTGGTTGC 
AGGTGCTGATAGCCTTCAGGGGAGGACCTGCCCAGGTATGCCTTCCAGTGATGCCCACCAGAGAA 
TACATTCTCTATTAGTTTTTAAAGAGTTTTTGTAAAATGATTTTGTACAAGTAGGATATGAATTA 
GCAGTTTACAAGTTTACATATTAACTAATAATAAATATGTCTATCAAATACCTCTGTAGTAAAAT 
GTGAAAAAGCAAAA 
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FIGURE 42 

MGFNLTFHLSYKFRLLLLLTLCLTVVGWATSNYFVGAIQEIPKAKEFiyiANFHKTLILGKGKTLTN 
EASTKKVELDNCPSVSPYLRGQSKLIFKPDLTLEEVQAENPKVSRGRYRPQECKALQRVAILVPH 
RNREKHLMYLLEHLHPFLQRQQLDYGIYVIHQAEGKKFNRAKLLNVGYLEALKEENWDCFIFHDV 
DLVPENDFNLYKCEEHPKHLVVGRNSTGYRLRYSGYFGGVTALSREQFFKVNGFSNNYWGWGGED 
DDLRLRVELQRMKISRPLPEVGKYTMVFHTRDKGNEVNAERMKLLHQVSRVWRTDGLSSCSYKLV 
SVEHNPLYINITVDFWFGA 

Important features: 
Signal peptide: 

amino acids 1-27 

N-glycosylation sites . 

amino acids 4-8, 220-224, 335-339 



Xylose isomerase proteins. 

amino acids 191-202 
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FIGURE 43 



GCTCAAGACCCAGCAGTGGGACAGCCAGACAGACGGCACG ATGG CACTGAGCTCCCAGATCTGGG 
CCGCTTGCCTCCTGCTCCTCCTCCTCCTCGCCAGCCTGACCAGTGGCTCTGTTTTCCCACAACAG 
ACGGGACAACTTGCAGAGCTGCAACCCCAGGACAGAGCTGGAGCCAGGGCCAGCTGGATGCCCAT 
GTTCCAGAGGCGAAGGAGGCGAGACACCCACTTCCCCATCTGCATTTTCTGCTGCGGCTGCTGTC 
ATCGATCAAAGTGTGGGATGTGCTGCAAGACG TAG AACCTACCTGCCCTGCCCCCGTCCCCTCCC 
TTCCTTATTTATTCCTGCTGCCCCAGAACATAGGTCTTGGAATAAAATGGCTGGTTCTTTTGTTT 
TCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 44 

MALSSQIWAACLLLLLLLASLTSGSVFPQQTGQLAELQPQDRAGARASWMPMFQRRRRRDTHFPI 
CIFCCGCCHRSKCGMCCKT 

Important features : 
Signal peptide: 

amino acids 1-24 

cAMP- and cGMP-dependent protein kinase phosphorylation site. 

amino acids 58-59 

N-myristoylation site. 

amino acids 44-50 

Prokaryotic membrane lipoprotein lipid attachment site. 

amino acids 1-12 
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FIGURE 45 

GTGGCTTCATTTCAGTGGCTGACTTCCAGAGAGCAATATGGCTGGTTCCCCAACATGCCTCACCC 
TCATCTATATCCTTTGGCAGCTCACAGGGTCAGCAGCCTCTGGACCCGTGAAAGAGCTGGTCGGT 
TCCGTTGGTGGGGCCGTGACTTTCCCCCTGAAGTCCAAAGTAAAGCAAGTTGACTCTATTGTCTG 
GACCTTCAACACAACCCCTCTTGTCACCATACAGCCAGAAGGGGGCACTATCATAGTGACCCAAA 
ATCGTAATAGGGAGAGAGTAGACTTCCCAGATGGAGGCTACTCCCTGAAGCTCAGCAAACTGAAG 
AAGAATGACTCAGGGATCTACTATGTGGGGATATACAGCTCATCACTCCAGCAGCCCTCCACCCA 
GGAGTACGTGCTGCATGTCTACGAGCACCTGTCAAAGCCTAAAGTCACCATGGGTCTGCAGAGCA 
ATAAGAATGGCACCTGTGTGACCAATCTGACATGCTGCATGGAACATGGGGAAGAGGATGTGATT 
TATACCTGGAAGGCCCTGGGGCAAGCAGCCAATGAGTCCCATAATGGGTCCATCCTCCCCATCTC 
CTGGAGATGGGGAGAAAGTGATATGACCTTCATCTGCGTTGCCAGGAACCCTGTCAGCAGAAACT 
TCTCAAGCCCCATCCTTGCCAGGAAGCTCTGTGAAGGTGCTGCTGATGACCCAGATTCCTCCATG 
GTCCTCCTGTGTCTCCTGTTGGTGCCCCTCCTGCTCAGTCTCTTTGTACTGGGGCTATTTCTTTG 
GTTTCTGAAGAGAGAGAGACAAGAAGAGTACATTGAAGAGAAGAAGAGAGTGGACATTTGTCGGG 
AAACTCCTAACATATGCCCCCATTCTGGAGAGAACACAGAGTACGACACAATCCCTCACACTAAT 
AGAACAATCCTAAAGGAAGATCCAGCAAATACGGTTTACTCCACTGTGGAAATACCGAAAAAGAT 
GGAAAATCCCCACTCACTGCTCACGATGCCAGACACACCAAGGCTATTTGCCTATGAGAATGTTA 
TCTAGACAGCAGTGCACTCCCCTAAGTCTCTGCTCA 
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FIGURE 46 

MAGSPTCLTLIYILWQLTGSAASGPVKELVGSVGGAVTFPLKSKVKQVDSIVWTFNTTPLVTIQP 
EGGTIIVTQNRNRERVDFPDGGYSLKLSKLKKNDSGIYYVGIYSSSLQQPSTQEYVLHVYEHLSK 
PKVTMGLQSNKNGTCVTNLTCCMEHGEEDVIYTWKALGQAANESHNGSILPISWRWGESDMTFIC 
VARNPVSRNFSSPILARKLCEGAADDPDSSMVLLCLLLVPLLLSLFVLGLFLWFLKRERQEEYIE 
EKKRVDICRETPNICPHSGENTEYDTIPHTNRTILKEDPANTVYSTVEIPKKMENPHSLLTMPDT 
PRLFAYENVI 

Important features: 
Signal peptide: 

amino acids 1-22 

Transmembrane domain: 

amino acids 224-250 

Leucine zipper pattern. 

amino acids 229-251 

N-glycosylation sites . 

amino acids 98-102, 142-146, 148-152, 172-176, 176-180, 204-208, 
291-295 
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FIGURE 47 

GGCTCGAGCGTTTCTGAGCCAGGGGTGACCATGACCTGCTGCGAAGGATGGACATCCTGCAATGG 
ATTCAGCCTGCTGGTTCTACTGCTGTTAGGAGTAGTTCTCAATGCGATACCTCTAATTGTCAGCT 
TAGTTGAGGAAGACCAATTTTCTCAAAACCCCATCTCTTGCTTTGAGTGGTGGTTCCCAGGAATT 
ATAGGAGCAGGTCTGATGGCCATTCCAGCAACAACAATGTCCTTGACAGCAAGAAAAAGAGCGTG 
CTGCAACAACAGAACTGGAATGTTTCTTTCATCATTTTTCAGTGTGATCACAGTCATTGGTGCTC 
TGTATTGCATGCTGATATCCATCCAGGCTCTCTTAAAAGGTCCTCTCATGTGTAATTCTCCAAGC 
AACAGTAATGCCAATTGTGAATTTTCATTGAAAAACATCAGTGACATTCATCCAGAATCCTTCAA 
CTTGCAGTGGTTTTTCAATGACTCTTGTGCACCTCCTACTGGTTTCAATAAACCCACCAGTAACG 
ACACCATGGCGAGTGGCTGGAGAGCATCTAGTTTCCACTTCGATTCTGAAGAAAACAAACATAGG 
CTTATCCACTTCTCAGTATTTTTAGGTCTATTGCTTGTTGGAATTCTGGAGGTCCTGTTTGGGCT 
CAGTCAGATAGTCATCGGTTTCCTTGGCTGTCTGTGTGGAGTCTCTAAGCGAAGAAGTCAAATTG 
TGTAGT T T AAT GGG AAT AAAAT GT AAGT AT C AGT AGT T T GAAAAAAAAAAA 
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FIGURE 48 

MTCCEGWTSCNGFSLLVLLLLGVVLNAIPLIVSLVEEDQFSQNPISCFEWWFPGIIGAGLMAIPA 
TTMSLTARKRACCNNRTGMFLSSFFSVITVIGALYCMLISIQALLKGPLMCNSPSNSNANCEFSL 
KNISDIHPESFNLQWFFNDSCAPPTGFNKPTSNDTMASGWRASSFHFDSEENKHRLIHFSVFLGL 
LLVGILEVLFGLSQIVIGFLGCLCGVSKRRSQIV 

Important features: 
Transmembrane domains : 

amino acids 10-31 (type II), 50-72, 87-110, 191-213 
N-glycosylation sites. 

amino acids 80-84, 132-136, 148-152, 163-167 

cAMP- and cGMP- dependent protein kinase phosphorylation site. 

amino acids 223-227 

N-myristoylation sites. 

amino acids 22-28, 54-60, 83-89, 97-103, 216-222 

Prokaryotic membrane lipoprotein lipid attachment site. 

amino acids 207-218 

TNFR/NGFR family cysteine-rich region protein. 

amino acids 4-12 
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FIGURE 49 



ATCCGTTCTCTGCGCTGCCAGCTCAGGTGAGCCCTCGCCAAGGTGACCTCGCAGGACACTGGTGA 
AGGAGCAGTGAGGAACCTGCAGAGTCACACAGTTGCTGACCAATTGAGCTGTGAGCCTGGAGCAG 
ATCCGTGGGCTGCAGACCCCCGCCCCAGTGCCTCTCCCCCTGCAGCCCTGCCCCTCGAACTGTGA 
CATGGAGAGAGTGACCCTGGCCCTTCTCCTACTGGCAGGCCTGACTGCCTTGGAAGCCAATGACC 
CATTTGCCAATAAAGACGATCCCTTCTACTATGACTGGAAAAACCTGCAGCTGAGCGGACTGATC 
TGCGGAGGGCTCCTGGCCATTGCTGGGATCGCGGCAGTTCTGAGTGGCAAATGCAAATACAAGAG 
CAGCCAGAAGCAGCACAGTCCTGTACCTGAGAAGGCCATCCCACTCATCACTCCAGGCTCTGCCA 
CTACTTGCTGAGCACAGGACTGGCCTCCAGGGATGGCCTGAAGCCTAACACTGGCCCCCAGCACC 
TCCTCCCCTGGGAGGCCTTATCCTCAAGGAAGGACTTCTCTCCAAGGGCAGGCTGTTAGGCCCCT 
TTCTGATCAGGAGGCTTCTTTATGAATTAAACTCGCCCCACCACCCCCTCA 
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FIGURE 50 

MERVTLALLLLAGLTALEANDPFANKDDPFYYDWKNLQLSGLICGGLLAIAGIAAVLSGKCKYKS 
SQKQHSPVPEKAIPLITPGSATTC 

Important features : 
Signal peptide: 

amino acids 1-16 

Transmembrane domain: 

amino acids 36-59 

N-myristoylation sites. 

amino acids 41-47, 45-51, 84-90 

Extracellular proteins SCP/Tpx-l/Ag5/PR-l/Sc7 . 

amino acids 54-67 
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FIGURE 51 

GTGGACTCTGAGAAGCCCAGGCAGTTGAGGACAGGAGAGAGAAGGCTGCAGACCCAGAGGGAGGG 
AGGACAGGGAGTCGGAAGGAGGAGGACAGAGGAGGGCACAGAGACGCAGAGCAAGGGCGGCAAGG 
AGGAGACCCTGGTGGGAGGAAGACACTCTGGAGAGAGAGGGGGCTGGGCAGAGATGAAGTTCCAG 
GGGCCCCTGGCCTGCCTCCTGCTGGCCCTCTGCCTGGGCAGTGGGGAGGCTGGCCCCCTGCAGAG 
CGGAGAGGAAAGCACTGGGACAAATATTGGGGAGGCCCTTGGACATGGCCTGGGAGACGCCCTGA 
GCGAAGGGGTGGGAAAGGCCATTGGCAAAGAGGCCGGAGGGGCAGCTGGCTCTAAAGTCAGTGAG 
GCCCTTGGCCAAGGGACCAGAGAAGCAGTTGGCACTGGAGTCAGGCAGGTTCCAGGCTTTGGCGC 
AGCAGATGCTTTGGGCAACAGGGTCGGGGAAGCAGCCCATGCTCTGGGAAACACTGGGCACGAGA 
TTGGCAGACAGGCAGAAGATGTCATTCGACACGGAGCAGATGCTGTCCGCGGCTCCTGGCAGGGG 
GTGCCTGGCCACAGTGGTGCTTGGGAAACTTCTGGAGGCCATGGCATCTTTGGCTCTCAAGGTGG 
CCTTGGAGGCCAGGGCCAGGGCAATCCTGGAGGTCTGGGGACTCCGTGGGTCCACGGATACCCCG 
GAAACTCAGCAGGCAGCTTTGGAATGAATCCTCAGGGAGCTCCCTGGGGTCAAGGAGGCAATGGA 
GGGCCACCAAACTTTGGGACCAACACTCAGGGAGCTGTGGCCCAGCCTGGCTATGGTTCAGTGAG 
AGCCAGCAACCAGAATGAAGGGTGCACGAATCCCCCACCATCTGGCTCAGGTGGAGGCTCCAGCA 
ACTCTGGGGGAGGCAGCGGCTCACAGTCGGGCAGCAGTGGCAGTGGCAGCAATGGTGACAACAAC 
AATGGCAGCAGCAGTGGTGGCAGCAGCAGTGGCAGCAGCAGTGGCAGCAGCAGTGGCGGCAGCAG 
TGGCGGCAGCAGTGGTGGCAGCAGTGGCAACAGTGGTGGCAGCAGAGGTGACAGCGGCAGTGAGT 
CCTCCTGGGGATCCAGCACCGGCTCCTCCTCCGGCAACCACGGTGGGAGCGGCGGAGGAAATGGA 
CATAAACCCGGGTGTGAAAAGCCAGGGAATGAAGCCCGCGGGAGCGGGGAATCTGGGATTCAGGG 
CTTCAGAGGACAGGGAGTTTCCAGCAACATGAGGGAAATAAGCAAAGAGGGCAATCGCCTCCTTG 
GAGGCTCTGGAGACAATTATCGGGGGCAAGGGTCGAGCTGGGGCAGTGGAGGAGGTGACGCTGTT 
GGTGGAGTCAATACTGTGAACTCTGAGACGTCTCCTGGGATGTTTAACTTTGACACTTTCTGGAA 
GAATTTTAAATCCAAGCTGGGTTTCATCAACTGGGATGCCATAAACAAGGACCAGAGAAGCTCTC 
GCATCCCGTGACCTCCAGACAAGGAGCCACCAGATTGGATGGGAGCCCCCACACTCCCTCCTTAA 
AACACCACCCTCTCATCACTAATCTCAGCCCTTGCCCTTGAAATAAACCTTAGCTGCCCCACAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 



52/168 

FIGURE 52 

MKFQGPLACLLLALCLGSGEAGPLQSGEESTGTNIGEALGHGLGDALSEGVGKAIGKEAGGAAGS 
KVSEALGQGTREAVGTGVRQVPGFGAADALGNRVGEAAHALGNTGHEIGRQAEDVIRHGADAVRG 
SWQGVPGHSGAWETSGGHGIFGSQGGLGGQGQGNPGGLGTPWVHGYPGNSAGSFGMNPQGAPWGQ 
GGNGGPPNFGTNTQGAVAQPGYGSVRASNQNEGCTNPPPSGSGGGSSNSGGGSGSQSGSSGSGSN 
GDNNNGSSSGGSSSGSSSGSSSGGSSGGSSGGSSGNSGGSRGDSGSESSWGSSTGSSSGNHGGSG 
GGNGHKPGCEKPGNEARGSGESGIQGFRGQGVSSNMREISKEGNRLLGGSGDNYRGQGSSWGSGG 
GDAVGGVNTVNSETSPGMFNFDTFWKNFKSKLGFINWDAINKDQRSSRIP 

Signal peptide: 

amino acids 1-21 

N-glycosylation site. 

amino acids 265-269 

Glycosaminoglycan attachment site. 

amino acids 235-239, 237-241, 244-248, 255-259, 324-328, 388-392 

Casein kinase II phosphorylation site. 

amino acids 26-30, 109-113, 259-263, 300-304, 304-308 

N-myristoylation site. 

amino acids 17-23, 32-38, 42-48, 50-56, 60-66, 61-67, 64-70, 74-80, 
90-96, 96-102, 130-136, 140-146, 149-155, 152-158, 155-161, 159-165, 
163-169, 178-184, 190-196, 194-200, 199-205, 218-224, 236-242, 
238-244, 239-245, 240-246, 245-251, 246-252, 249-252, 253-259, 
256-262, 266-272, 270-276, 271-277, 275-281, 279-285, 283-289, 
284-290, 287-293, 288-294, 291-297, 292-298, 295-301, 298-304, 
305-311, 311-317, 315-321, 319-325, 322-328, 323-329, 325-331, 
343-349, 354-360, 356-362, 374-380, 381-387, 383-389, 387-393, 
389-395, 395-401 



Cell attachment sequence. 

amino acids 301-304 
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FIGURE 53 

GGAGAAGAGGTTGTGTGGGACAAGCTGCTCCCGACAGAAGGATGTCGCTGCTGAGCCTGCCCTGG 
CTGGGCCTCAGACCGGTGGCAATGTCCCCATGGCTACTCCTGCTGCTGGTTGTGGGCTCCTGGCT 
ACTCGCCCGCATCCTGGCTTGGACCTATGCCTTCTATAACAACTGCCGCCGGCTCCAGTGTTTCC 
CACAGCCCCCAAAACGGAACTGGTTTTGGGGTCACCTGGGCCTGATCACTCCTACAGAGGAGGGC 
TTGAAGGACTCGACCCAGATGTCGGCCACCTATTCCCAGGGCTTTACGGTATGGCTGGGTCCCAT 
CATCCCCTTCATCGTTTTATGCCACCCTGACACCATCCGGTCTATCACCAATGCCTCAGCTGCCA 
TTGCACCCAAGGATAATCTCTTCATCAGGTTCCTGAAGCCCTGGCTGGGAGAAGGGATACTGCTG 
AGTGGCGGTGACAAGTGGAGCCGCCACCGTCGGATGCTGACGCCCGCCTTCCATTTCAACATCCT 
GAAGTCCTATATAACGATCTTCAACAAGAGTGCAAACATCATGCTTGACAAGTGGCAGCACCTGG 
CCTCAGAGGGCAGCAGTCGTCTGGACATGTTTGAGCACATCAGCCTCATGACCTTGGACAGTCTA 
CAGAAATGCATCTTCAGCTTTGACAGCCATTGTCAGGAGAGGCCCAGTGAATATATTGCCACCAT 
CTTGGAGCTCAGTGCCCTTGTAGAGAAAAGAAGCCAGCATATCCTCCAGCACATGGACTTTCTGT 
ATTACCTCTCCCATGACGGGCGGCGCTTCCACAGGGCCTGCCGCCTGGTGCATGACTTCACAGAC 
GCTGTCATCCGGGAGCGGCGTCGCACCCTCCCCACTCAGGGTATTGATGATTTTTTCAAAGACAA 
AGCCAAGTCCAAGACTTTGGATTTCATTGATGTGCTTCTGCTGAGCAAGGATGAAGATGGGAAGG 
CATTGTCAGATGAGGATATAAGAGCAGAGGCTGACACCTTCATGTTTGGAGGCCATGACACCACG 
GCCAGTGGCCTCTCCTGGGTCCTGTACAACCTTGCGAGGCACCCAGAATACCAGGAGCGCTGCCG 
ACAGGAGGTGCAAGAGCTTCTGAAGGACCGCGATCCTAAAGAGATTGAATGGGACGACCTGGCCC 
AGCTGCCCTTCCTGACCATGTGCGTGAAGGAGAGCCTGAGGTTACATCCCCCAGCTCCCTTCATC 
TCCCGATGCTGCACCCAGGACATTGTTCTCCCAGATGGCCGAGTCATCCCCAAAGGCATTACCTG 
CCTCATCGATATTATAGGGGTCCATCACAACCCAACTGTGTGGCCGGATCCTGAGGTCTACGACC 
CCTTCCGCTTTGACCCAGAGAACAGCAAGGGGAGGTCACCTCTGGCTTTTATTCCTTTCTCCGCA 
GGGCCCAGGAACTGCATCGGGCAGGCGTTCGCCATGGCGGAGATGAAAGTGGTCCTGGCGTTGAT 
GCTGCTGCACTTCCGGTTCCTGCCAGACCACACTGAGCCCCGCAGGAAGCTGGAATTGATCATGC 
GCGCCGAGGGCGGGCTTTGGCTGCGGGTGGAGCCCCTGAATGTAGGCTTGCAGTGACTTTCTGAC 
CCATCCACCTGTTTTTTTGCAGATTGTCATGAATAAAACGGTGCTGTCAAA 
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FIGURE 54 

MSLLSLPWLGLRPVAMSPWLLLLLVVGSWLLARILAWTYAFYNNCRRLQCFPQPPKRNWFWGHLG 
LITPTEEGLKDSTQMSATYSQGFTVWLGPIIPFIVLCHPDTIRSITNASAAIAPKDNLFIRFLKP 
WLGEGILLSGGDKWSRHRRMLTPAFHFNILKSYITIFNKSANIMLDKWQHLASEGSSRLDMFEHI 
SLMTLDSLQKCIFSFDSHCQERPSEYIATILELSALVEKRSQHILQHMDFLYYLSHDGRRFHRAC 
RLVHDFTDAVIRERRRTLPTQGIDDFFKDKAKSKTLDFIDVLLLSKDEDGKALSDEDIRAEADTF 
MFGGHDTTASGLSWVLYNLARHPEYQERCRQEVQELLKDRDPKEIEWDDLAQLPFLTMCVKESLR 
LHPPAPFISRCCTQDIVLPDGRVIPKGITCLIDIIGVHHNPTVWPDPEVYDPFRFDPENSKGRSP 
LAFI PFSAGPRNCI GQAFAMAEMKVVLALMLLH FRFL PDHTE PRRKLEL IMRAEGGLWLRVE PLN 
VGLQ 

Important features: 
Transmembrane domains: 

amino acids 13-32 (type II), 77-102 

Cytochrome P450 cysteine heme-iron ligand signature. 

amino acids 461-471 

N-glycosylation sites. 

amino acids 112-116, 168-172 
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FIGURE 55 



ATCGCATCAATTGGGAGTACCATCTTCCTCATCGGACCAGTGAAACAGCTGAAGCGAATGTTTGA 
GCCTACTCGTTTGATTGCAACTATCATGGTGCTGTTGTGTTTTGCACTTACCCTGTGTTCTGCCT 
TTTGGTGGCATAACAAGGGACTTGCACTTATCTTCTGCATTTTGCAGTCTTTGGCATTGACGTGG 
TACAGCCTTTCCTTCATACCATTTGCAAGGGATGCTGTGAAGAAGTGTTTTGCCGTGTGTCTTGC 
ATAATTCATGGCCAGTTTTATGAAGCTTTGGAAGGCACTATGGACAGAAGCTGGTGGACAGTTTT 
GTAACTATCTTCGAAACCTCTGTCTTACAGACATGTGCCTTTTATCTTGCAGCAATGTGTTGCTT 
GTGATTCGAACATTTGAGGGTTACTTTTGGAAGCAACAATACATTCTCGAACCTGAATGTCAGTA 
GCACAGGATGAGAAGTGGGTTCTGTATCTTGTGGAGTGGAATCTTCCTCATGTACCTGTTTCCTC 
TCTGGATGTTGTCCCACTGAATTCCCATGAATACAAACCTATTCAGCAACAGCAAAAAAAAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 56 

MGPVKQLKRMFEPTRLIATIMVLLCFALTLCSAFWWHNKGLALIFCILQSLALTWYSLSFIPFAR 
DAVKKCFAVCLA 

Important features : 
Signal peptide: 

amino acids 1-33 

Type II fibronectin collagen-binding domain protein. 

amino acids 30-72 



57/168 

FIGURE 57 



CGGCTCGAGCTCGAGCCGAATCGGCTCGAGGGGCAGTGGAGCACCCAGCAGGCCGCCAAC ATG CTCTGTCTGTGCCTG 
TACGTGCCGGTCATCGGGGAAGCCCAGACCGAGTTCCAGTACTTTGAGTCGAAGGGGCTCCCTGCCGAGCTGAAGTCC 
ATTTTCAAGCTCAGTGTCTTCATCCCCTCCCAGGAATTCTCCACCTACCGCCAGTGGAAGCAGAAAATTGTACAAGCT 
GGAGATAAGGACCTTGATGGGCAGCTAGACTTTGAAGAATTTGTCCATTATCTCCAAGATCATGAGAAGAAGCTGAGG 
CTGGTGTTTAAGATTTTGGACAAAAAGAATGATGGACGCATTGACGCGCAGGAGATCATGCAGTCCCTGCGGGACTTG 
GGAGTCAAGATATCTGAACAGCAGGCAGAAAAAATTCTCAAGAGCATGGATAAAAACGGCACGATGACCATCGACTGG 
AACGAGTGGAGAGACTACCACCTCCTCCACCCCGTGGAAAACATCCCCGAGATCATCCTCTACTGGAAGCATTCCACG 
ATCTTTGATGTGGGTGAGAATCTAACGGTCCCGGATGAGTTCACAGTGGAGGAGAGGCAGACGGGGATGTGGTGGAGA 
CACCTGGTGGCAGGAGGTGGGGCAGGGGCCGTATCCAGAACCTGCACGGCCCCCCTGGACAGGCTCAAGGTGCTCATG 
CAGGTCCATGCCTCCCGCAGCAACAACATGGGCATCGTTGGTGGCTTCACTCAGATGATTCGAGAAGGAGGGGCCAGG 
TCACTCTGGCGGGGCAATGGCATCAACGTCCTCAAAATTGCCCCCGAATCAGCCATCAAATTCATGGCCTATGAGCAG 
ATCAAGCGCCTTGTTGGTAGTGACCAGGAGACTCTGAGGATTCACGAGAGGCTTGTGGCAGGGTCCTTGGCAGGGGCC 
ATCGCCCAGAGCAGCATCTACCCAATGGAGGTCCTGAAGACCCGGATGGCGCTGCGGAAGACAGGCCAGTACTCAGGA 
ATGCTGGACTGCGCCAGGAGGATCCTGGCCAGAGAGGGGGTGGCCGCCTTCTACAAAGGCTATGTCCCCAACATGCTG 
GGCATCATCCCCTATGCCGGCATCGACCTTGCAGTCTACGAGACGCTCAAGAATGCCTGGCTGCAGCACTATGCAGTG 
AACAGCGCGGACCCCGGCGTGTTTGTGCTCCTGGCCTGTGGCACCATGTCCAGTACCTGTGGCCAGCTGGCCAGCTAC 
CCCCTGGCCCTAGTCAGGACCCGGATGCAGGCGCAAGCCTCTATTGAGGGCGCTCCGGAGGTGACCATGAGCAGCCTC 
TTCAAACATATCCTGCGGACCGAGGGGGCCTTCGGGCTGTACAGGGGGCTGGCCCCCAACTTCATGAAGGTCATCCCA 
GCTGTGAGCATCAGCTACGTGGTCTACGAGAACCTGAAGATCACCCTGGGCGTGCAGTCGCGGTGACGGGGGGAGGGC 
CGCCCGGCAGTGGACTCGCTGATCCTGGGCCGCAGCCTGGGGTGTGCAGCCATCTCATTCTGTGAATGTGCCAACACT 
AAGCTGTCTCGAGCCAAGCTGTGAAAACCCTAGACGCACCCGCAGGGAGGGTGGGGAGAGCTGGCAGGCCCAGGGCTT 
GTCCTGCTGACCCCAGCAGACCCTCCTGTTGGTTCCAGCGAAGACCACAGGCATTCCTTAGGGTCCAGGGTCAGCAGG 
CTCCGGGCTCACATGTGTAAGGACAGGACATTTTCTGCAGTGCCTGCCAATAGTGAGCTTGGAGCCTGGAGGCCGGCT 
TAGTTCTTCCATTTCACCCTTGCAGCCAGCTGTTGGCCACGGCCCCTGCCCTCTGGTCTGCCGTGCATCTCCCTGTGC 
CCTCTTGCTGCCTGCCTGTCTGCTGAGGTAAGGTGGGAGGAGGGCTACAGCCCACATCCCACCCCCTCGTCCAATCCC 
ATAATCCATGATGAAAGGTGAGGTCACGTGGCCTCCCAGGCCTGACTTCCCAACCTACAGCATTGACGCCAACTTGGC 
TGTGAAGGAAGAGGAAAGGATCTGGCCTTGTGGTCACTGGCATCTGAGCCCTGCTGATGGCTGGGGCTCTCGGGCATG 
CTTGGGAGTGCAGGGGGCTCGGGCTGCCTGGCCTGGCTGCACAGAAGGCAAGTGCTGGGGCTCATGGTGCTCTGAGCT 
GGCCTGGACCCTGTCAGGATGGGCCCCACCTCAGAACCAAACTCACTGTCCCCACTGTGGCATGAGGGCAGTGGAGCA 
CCATGTTTGAGGGCGAAGGGCAGAGCGTTTGTGTGTTCTGGGGAGGGAAGGAAAAGGTGTTGGAGGCCTTAATTATGG 
ACTGTTGGGAAAAGGGTTTTGTCCAGAAGGACAAGCCGGACAAATGAGCGACTTCTGTGCTTCCAGAGGAAGACGAGG 
GAGCAGGAGCTTGGCTGACTGCTCAGAGTCTGTTCTGACGCCCTGGGGGTTCCTGTCCAACCCCAGCAGGGGCGCAGC 
GGGACCAGCCCCACATTCCACTTGTGTCACTGCTTGGAACCTATTTATTTTGTATTTATTTGAACAGAGTTATGTCCT 
AACTATTTTTATAGATTTGTTTAATTAATAGCTTGTCATTTTCAAGTTCATTTTTTATTCATATTTATGTTCATGGTT 
GATTGTACCTTCCCAAGCCCGCCCAGTGGGATGGGAGGAGGAGGAGAAGGGGGGCCTTGGGCCGCTGCAGTCACATCT 
GTCCAGAGAAATTCCTTTTGGGACTGGAGGCAGAAAAGCGGCCAGAAGGCAGCAGCCCTGGCTCCTTTCCTTTGGCAG 
GTTGGGGAAGGGCTTGCCCCCAGCCTTAGGATTTCAGGGTTTGACTGGGGGCGTGGAGAGAGAGGGAGGAACCTCAAT 
AACCTTGAAGGTGGAATCCAGTTATTTCCTGCGCTGCGAGGGTTTCTTTATTTCACTCTTTTCTGAATGTCAAGGCAG 
TGAGGTGCCTCTCACTGTGAATTTGTGGTGGGCGGGGGCTGGAGGAGAGGGTGGGGGGCTGGCTCCGTCCCTCCCAGC 
CTTCTGCTGCCCTTGCTTAACAATGCCGGCCAACTGGCGACCTCACGGTTGCACTTCCATTCCACCAGAATGACCTGA 
TGAGGAAATCTTCAATAGGATGCAAAGATCAATGCAAAAATTGTTATATATGAACATATAACTGGAGTCGTCAAAAAG 
C AAAT T AAG AAAG AAT T GG AC G T T AG AAG T T G T CAT T T AAAGC AGC C T T C T AAT AAAG T T G T T T C AAAG C T G AAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 58 

MLCLCLYVPVIGEAQTEFQYFESKGLPAELKSIFKLSVFIPSQEFSTYRQWKQKIVQAGDKDLDG 
QLDFEEFVHYLQDHEKKLRLVFKILDKKNDGRIDAQEIMQSLRDLGVKISEQQAEKILKSMDKNG 
TMTIDWNEWRDYHLLHPVENIPEIILYWKHSTIFDVGENLTVPDEFTVEERQTGMWWRHLVAGGG 
AGAVSRTCTAPLDRLKVLMQVHASRSNNMGIVGGFTQMIREGGARSLWRGNGINVLKIAPESAIK 
FMAYEQIKRLVGSDQETLRIHERLVAGSLAGAIAQSSIYPMEVLKTRMALRKTGQYSGMLDCARR 
ILAREGVAAFYKGYVPNMLGIIPYAGIDLAVYETLKNAWLQHYAVNSADPGVFVLLACGTMSSTC 
GQLASYPLALVRTRMQAQASIEGAPEVTMSSLFKHILRTEGAFGLYRGLAPNFMKYIPAVSISYV 
VYENLKITLGVQSR 

Important features: 
Signal peptide: 

amino acids 1-16 

Putative transmembrane domains: 

amino acids 284-304, 339-360, 376-394 

Mitochondrial energy transfer proteins signature. 

amino acids 206-215, 300-309 

N-glycosylation sites. 

amino acids 129-133, 169-173 

Elongation Factor-hand calcium-binding protein. 

amino acids 54-73, 85-104, 121-140 
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FIGURE 59 

GGAAGGCAGCGGCAGCTCCACTCAGCCAGTACCCAGATACGCTGGGAACCTTCCCCAGCCATGGC 
TTCCCTGGGGCAGATCCTCTTCTGGAGCATAATTAGCATCATCATTATTCTGGCTGGAGCAATTG 
CACTCATCATTGGCTTTGGTATTTCAGGGAGACACTCCATCACAGTCACTACTGTCGCCTCAGCT 
GGGAACATTGGGGAGGATGGAATCCTGAGCTGCACTTTTGAACCTGACATCAAACTTTCTGATAT 
CGTGATACAATGGCTGAAGGAAGGTGTTTTAGGCTTGGTCCATGAGTTCAAAGAAGGCAAAGATG 
AGCTGTCGGAGCAGGATGAAATGTTCAGAGGCCGGACAGCAGTGTTTGCTGATCAAGTGATAGTT 
GGCAATGCCTCTTTGCGGCTGAAAAACGTGCAACTCACAGATGCTGGCACCTACAAATGTTATAT 
CATCACTTCTAAAGGCAAGGGGAATGCTAACCTTGAGTATAAAACTGGAGCCTTCAGCATGCCGG 
AAGTGAATGTGGACTATAATGCCAGCTCAGAGACCTTGCGGTGTGAGGCTCCCCGATGGTTCCCC 
CAGCCCACAGTGGTCTGGGCATCCCAAGTTGACCAGGGAGCCAACTTCTCGGAAGTCTCCAATAC 
CAGCTTTGAGCTGAACTCTGAGAATGTGACCATGAAGGTTGTGTCTGTGCTCTACAATGTTACGA 
TCAACAACACATACTCCTGTATGATTGAAAATGACATTGCCAAAGCAACAGGGGATATCAAAGTG 
ACAGAATCGGAGATCAAAAGGCGGAGTCACCTACAGCTGCTAAACTCAAAGGCTTCTCTGTGTGT 
CTCTTCTTTCTTTGCCATCAGCTGGGCACTTCTGCCTCTCAGCCCTTACCTGATGCTAAAATAAT 
GTGCCTTGGCCACAAAAAAGCATGCAAAGTCATTGTTACAACAGGGATCTACAGAACTATTTCAC 
CACCAGATATGACCTAGTTTTATATTTCTGGGAGGAAATGAATTCATATCTAGAAGTCTGGAGTG 
AGCAAACAAGAGCAAGAAACAAAAAGAAGCCAAAAGCAGAAGGCTCCAATATGAACAAGATAAAT 
CTATCTTCAAAGACATATTAGAAGTTGGGAAAATAATTCATGTGAACTAGACAAGTGTGTTAAGA 
GTGATAAGTAAAATGCACGTGGAGACAAGTGCATCCCCAGATCTCAGGGACCTCCCCCTGCCTGT 
CACCTGGGGAGTGAGAGGACAGGATAGTGCATGTTCTTTGTCTCTGAATTTTTAGTTATATGTGC 
TGTAATGTTGCTCTGAGGAAGCCCCTGGAAAGTCTATCCCAACATATCCACATCTTATATTCCAC 
AAATTAAGCTGTAGTATGTACCCTAAGACGCTGCTAATTGACTGCCACTTCGCAACTCAGGGGCG 
GCTGCATTTTAGTAATGGGTCAAATGATTCACTTTTTATGATGCTTCCAAAGGTGCCTTGGCTTC 
TCTTCCCAACTGACAAATGCCAAAGTTGAGAAAAATGATCATAATTTTAGCATAAACAGAGCAGT 
CGGGGACACCGATTTTATAAATAAACTGAGCACCTTCTTTTTAAACAAAAAAAAAAAAAAAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 60 

MASLGQILFWSIISIIIILAGAIALIIGFGISGRHSITVTTVASAGNIGEDGILSCTFEPDIKLS 
DIVIQWLKEGVLGLVHEFKEGKDELSEQDEMFRGRTAVFADQVIVGNASLRLKNVQLTDAGTYKC 
YIITSKGKGNANLEYKTGAFSMPEVNVDYNASSETLRCEAPRWFPQPTVVWASQVDQGANFSEVS 
NTSFELNSENVTMKVVSVLYNVTINNTYSCMIENDIAKATGDIKVTESEIKRRSHLQLLNSKASL 
CVSSFFAISWALLPLSPYLMLK 

Important features: 
Signal peptide: 

amino acids 1-28 

Transmembrane domain: 

amino acids 258-281 

N-glycosylation sites. 

amino acids 112-116, 160-164, 190-194, 196-200, 205-209, 216-220, 
220-224 

N-myristoylation sites . 

amino acids 52-58, 126-132, 188-194 
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FIGURE 61 



TGACGTCAGAATCACCATGGCCAGCTATCCTTACCGGCAGGGCTGCCCAGGAGCTGCAGGACAAG 
CACCAGGAGCCCCTCCGGGTAGCTACTACCCTGGACCCCCCAATAGTGGAGGGCAGTATGGTAGT 
GGGCTACCCCCTGGTGGTGGTTATGGGGGTCCTGCCCCTGGAGGGCCTTATGGACCACCAGCTGG 
TGGAGGGCCCTATGGACACCCCAATCCTGGGATGTTCCCCTCTGGAACTCCAGGAGGACCATATG 
GCGGTGCAGCTCCCGGGGGCCCCTATGGTCAGCCACCTCCAAGTTCCTACGGTGCCCAGCAGCCT 
GGGCTTTATGGACAGGGTGGCGCCCCTCCCAATGTGGATCCTGAGGCCTACTCCTGGTTCCAGTC 
GGTGGACTCAGATCACAGTGGCTATATCTCCATGAAGGAGCTAAAGCAGGCCCTGGTCAACTGCA 
ATTGGTCTTCATTCAATGATGAGACCTGCCTCATGATGATAAACATGTTTGACAAGACCAAGTCA 
GGCCGCATCGATGTCTACGGCTTCTCAGCCCTGTGGAAATTCATCCAGCAGTGGAAGAACCTCTT 
CCAGCAGTATGACCGGGACCGCTCGGGCTCCATTAGCTACACAGAGCTGCAGCAAGCTCTGTCCC 
AAATGGGCTACAACCTGAGCCCCCAGTTCACCCAGCTTCTGGTCTCCCGCTACTGCCCACGCTCT 
GCCAATCCTGCCATGCAGCTTGACCGCTTCATCCAGGTGTGCACCCAGCTGCAGGTGCTGACAGA 
GGCCTTCCGGGAGAAGGACACAGCTGTACAAGGCAACATCCGGCTCAGCTTCGAGGACTTCGTCA 
CCATGACAGCTTCTCGGATGCTATGACCCAACCATCTGTGGAGAGTGGAGTGCACCAGGGACCTT 
TCCTGGCTTCTTAGAGTGAGAGAAGTATGTGGACATCTCTTCTTTTCCTGTCCCTCTAGAAGAAC 
ATTCTCCCTTGCTTGATGCAACACTGTTCCAAAAGAGGGTGGAGAGTCCTGCATCATAGCCACCA 
AATAGTGAGGACCGGGGCTGAGGCCACACAGATAGGGGCCTGATGGAGGAGAGGATAGAAGTTGA 
ATGTCCTGATGGCCATGAGCAGTTGAGTGGCACAGCCTGGCACCAGGAGCAGGTCCTTGTAATGG 
AGTTAGTGTCCAGTCAGCTGAGCTCCACCCTGATGCCAGTGGTGAGTGTTCATCGGCCTGTTACC 
GTTAGTACCTGTGTTCCCTCACCAGGCCATCCTGTCAAACGAGCCCATTTTCTCCAAAGTGGAAT 
CTGACCAAGCATGAGAGAGATCTGTCTATGGGACCAGTGGCTTGGATTCTGCCACACCCATAAAT 
CCTTGTGTGTTAACTTCTAGCTGCCTGGGGCTGGCCCTGCTCAGACAAATCTGCTCCCTGGGCAT 
CTTTGGCCAGGCTTCTGCCCCCTGCAGCTGGGACCCCTCACTTGCCTGCCATGCTCTGCTCGGCT 
TCAGTCTCCAGGAGACAGTGGTCACCTCTCCCTGCCAATACTTTTTTTAATTTGCATTTTTTTTC 
ATTTGGGGCCAAAAGTCCAGTGAAATTGTAAGCTTCAATAAAAGGATGAAACTCTGA 
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FIGURE 62 

MASYPYRQGCPGAAGQAPGAPPGSYYPGPPNSGGQYGSGLPPGGGYGGPAPGGPYGPPAGGGPYG 
HPNPGMFPSGTPGGPYGGAAPGGPYGQPPPSSYGAQQPGLYGQGGAPPNVDPEAYSWFQSVDSDH 
SGYISMKELKQALVNCNWSSFNDETCLMMINMFDKTKSGRIDVYGFSALWKFIQQWKNLFQQYDR 
DRSGSISYTELQQALSQMGYNLSPQFTQLLVSRYCPRSANPAMQLDRFIQVCTQLQVLTEAFREK 
DTAVQGN I RL S FE D FVTMTAS RML 

Important features of the protein: 
Signal peptide: 

amino acids 1-19 

N-glycosylation site. 

amino acids 147-150 

Casein kinase II phosphorylation sites. 

amino acids 135-138, 150-153, 202-205, 271-274 

N-myris toylation sites . 

amino acids 9-14, 15-20, 19-24, 33-38, 34-39, 39-44, 43-48, 61-66, 
70-75, 78-83, 83-88, 87-92, 110-115 
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FIGURE 63 

CAGG ATG CAGGGCCGCGTGGCAGGGAGCTGCGCTCCTCTGGGCCTGCTCCTGGTCTGTCTTCATC 

TCCCAGGCCTCTTTGCCCGGAGCATCGGTGTTGTGGAGGAGAAAGTTTCCCAAAACTTCGGGACC 

AACTTGCCTCAGCTCGGACAACCTTCCTCCACTGGCCCCTCTAACTCTGAACATCCGCAGCCCGC 

TCTGGACCCTAGGTCTAATGACTTGGCAAGGGTTCCTCTGAAGCTCAGCGTGCCTCCATCAGATG 

GCTTCCCACCTGCAGGAGGTTCTGCAGTGCAGAGGTGGCCTCCATCGTGGGGGCTGCCTGCCATG 

GATTCCTGGCCCCCTGAGGATCCTTGGCAGATGATGGCTGCTGCGGCTGAGGACCGCCTGGGGGA 

AGCGCTGCCTGAAGAACTCTCTTACCTCTCCAGTGCTGCGGCCCTCGCTCCGGGCAGTGGCCCTT 

TGCCTGGGGAGTCTTCTCCCGATGCCACAGGCCTCTCACCTGAGGCTTCACTCCTGCACCAGGAC 

TCGGAGTCCAGACGACTGCCCCGTTCTAATTCACTGGGAGCCGGGGGAAAAATCCTTTCCCAACG 

CCCTCCCTGGTCTCTCATCCACAGGGTTCTGCCTGATCACCCCTGGGGTACCCTGAATCCCAGTG 

TGTCCTGGGGAGGTGGAGGCCCTGGGACTGGTTGGGGAACGAGGCCCATGCCACACCCTGAGGGA 

ATCTGGGGTATCAATAATCAACCCCCAGGTACCAGCTGGGGAAATATTAATCGGTATCCAGGAGG 

CAGCTGGGGAAATATTAATCGGTATCCAGGAGGCAGCTGGGGGAATATTAATCGGTATCCAGGAG 

GCAGCTGGGGGAATATTCATCTATACCCAGGTATCAATAACCCATTTCCTCCTGGAGTTCTCCGC 

CCTCCTGGCTCTTCTTGGAACATCCCAGCTGGCTTCCCTAATCCTCCAAGCCCTAGGTTGCAGTG 

GGGC TAG AGCACGATAGAGGGAAACCCAACATTGGGAGTTAGAGTCCTGCTCCCGCCCCTTGCTG 

TGTGGGCTCAATCCAGGCCCTGTTAACATGTTTCCAGCACTATCCCCACTTTTCAGTGCCTCCCC 

TGCTCATCTCCAATAAAATAAAAGCACTTATGAAAAAAAAAAA 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA^ 
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FIGURE 64 

MQGRVAGSCAPLGLLLVCLHLPGLFARSIGVVEEKVSQNFGTNLPQLGQPSSTGPSNSEHPQPAL 
DPRSNDLARVPLKLSVPPSDGFPPAGGSAVQRWPPSWGLPAMDSWPPEDPWQMMAAAAEDRLGEA 
LPEELSYLSSAAALAPGSGPLPGESSPDATGLSPEASLLHQDSESRRLPRSNSLGAGGKILSQRP 
PWSLIHRVLPDHPWGTLNPSVSWGGGGPGTGWGTRPMPHPEGIWGINNQPPGTSWGNINRYPGGS 
WGNINRYPGGSWGNINRYPGGSWGNIHLYPGINNPFPPGVLRPPGSSWNIPAGFPNPPSPRLQWG 

Important features of the protein: 
Signal peptide: 

amino acids 1-26 

Casein kinase II phosphorylation sites . 

amino acids 56-59, 155-158 

N-myris toylation sites . 

amino acids 48-53, 220-225, 221-226, 224-229, 247-252, 258-263, 
259-264, 269-274, 270-275, 280-285, 281-286, 305-310 
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FIGURE 65 



AAGGAGAGGCCACCGGGACTTCAGTGTCTCCTCCATCCCAGGAGCGCAGTGGCCACTATGGGGTC 
TGGGCTGCCCCTTGTCCTCCTCTTGACCCTCCTTGGCAGCTCACATGGAACAGGGCCGGGTATGA 
CTTTGCAACTGAAGCTGAAGGAGTCTTTTCTGACAAATTCCTCCTATGAGTCCAGCTTCCTGGAA 
TTGCTTGAAAAGCTCTGCCTCCTCCTCCATCTCCCTTCAGGGACCAGCGTCACCCTCCACCATGC 
AAGATCTCAACACCATGTTGTCTGCAACACA TGA CAGCCATTGAAGCCTGTGTCCTTCTTGGCCC 
GGGCTTTTGGGCCGGGGATGCAGGAGGCAGGCCCCGACCCTGTCTTTCAGCAGGCCCCCACCCTC 
CTGAGTGGCAATAAATAAAATTCGGTATGCTG 
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FIGURE 66 

MGSGLPLVLLLTLLGSSHGTGPGMTLQLKLKESFLTNSSYESSFLELLEKLCLLLHLPSGTSVTL 
HHARSQHHVVCNT 

Important features : 
Signal peptide: 

amino acids 1-19 

N-glycosylation site. 

amino acids 37-41 



N-myristoylation sites. 

amino acids 15-21, 19-25, 60-66 
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FIGURE 67 

ACGGACCGAGGGTTCGAGGGAGGGACACGGACCAGGAACCTGAGCTAGGTCAAAGACGCCCGGGC 
CAGGTGCCCCGTCGCAGGTGCCCCTGGCCGGAGATGCGGTAGGAGGGGCGAGCGCGAGAAGCCCC 
TTCCTCGGCGCTGCCAACCCGCCACCCAGCCCAT6GCGAACCCCGGGCTGGGGCTGCTTCTGGCG 
CTGGGCCTGCCGTTCCTGCTGGCCCGCTGGGGCCGAGCCTGGGGGCAAATACAGACCACTTCTGC 
AAATGAGAATAGCACTGTTTTGCCTTCATCCACCAGCTCCAGCTCCGATGGCAACCTGCGTCCGG 
AAGCCATCACTGCTATCATCGTGGTCTTCTCCCTCTTGGCTGCCTTGCTCCTGGCTGTGGGGCTG 
GCACTGTTGGTGCGGAAGCTTCGGGAGAAGCGGCAGACGGAGGGCACCTACCGGCCCAGTAGCGA 
GGAGCAGTTCTCCCATGCAGCCGAGGCCCGGGCCCCTCAGGACTCCAAGGAGACGGTGCAGGGCT 
GCCTGCCCATCTAGGTCCCCTCTCCTGCATCTGTCTCCCTTCATTGCTGTGTGACCTTGGGGAAA 
GGCAGTGCCCTCTCTGGGCAGTCAGATCCACCCAGTGCTTAATAGCAGGGAAGAAGGTACTTCAA 
AGACTCTGCCCCTGAGGTCAAGAGAGGATGGGGCTATTCACTTTTATATATTTATATAAAATTAG 
TAGTGAGATGTAAAAAAAAAAAAAAAAAA 
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FIGURE 68 

MANPGLGLLLALGLPFLLARWGRAWGQIQTTSANENSTVLPSSTSSSSDGNLRPEAITAIIVVFS 
LLAALLLAVGLALLVRKLREKRQTEGTYRPSSEEQFSHAAEARAPQDSKETVQGCLPI 

Important features: 
Signal peptide: 

amino acids 1-19 

Transmembrane domain: 

amino acids 56-80 

N-glycosylation site. 

amino acids 36-40 

cAMP- and cGMP-dependent protein kinase phosphorylation site. 

amino acids 86-90 

Tyrosine kinase phosphorylation site. 

amino acids 86-94 

N-myristoylation sites . 

amino acids 7-13, 26-32 
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FIGURE 69 



gccaggaataactagagaggaacaatggggttattcagaggttttgttttcctcttagttctgtgcctgctgcaccag 
tcaaatacttccttcattaagctgaataataatggctttgaagatattgtcattgttatagatcctagtgtgccagaa 
gatgaaaaaataattgaac7wvtagaggatatggtgactacagcttctacgtacctgtttgaagccacagaaaaaaga 
ttttttttct^aaaatgtatctatattaattcctgagaattggaaggaaaatcctcagtacaaaaggccaaaacatgaa 
aaccataaacatgctgatgttatagttgcaccacctacactcccaggtagagatgaaccatacaccaagcagttcaca 
g aat g t gg ag ag aaag g c g aat ac at t c ac ttcacccct g ac c t t c t ac t t g g aaaaaaac aaaat g aat at g g ac c a 
ccaggcaaactgtttgtccatgagtgggctcacctccggtggggagtgtttgatgagtacaatgaagatcagcctttc 
taccgtgctaagtcaaaaaaaatcgaagcaacaaggtgttccgcaggtatctctggtagaaatagagtttataagtgt 
caaggaggcagctgtcttagtagagcatgcagaattgattctacaacaaaactgtatggaaaagattgtcaattcttt 
cctgataaagtacaaacagaaaaagcatccataatgtttatgcaaagtattgattctgttgttgaattttgtaacgaa 
aaaacccataatcaagaagctccaagcctacaaaacataaagtgcaattttagaagtacatgggaggtgattagcaat 
tctgaggattttaaaaacaccatacccatggtgacaccacctcctccacctgtcttctcattgctgaagatcagtcaa 
agaattgtgtgcttagttcttgataagtctggaagcatggggggtaaggaccgcctaaatcgaatgaatcaagcagca 
aaacatttcctgctgcagactgttgaaaatggatcctgggtggggatggttcactttgatagtactgccactattgta 
aataagctaatccaaataaaaagcagtgatgaaagaaacacactcatggcaggattacctacatatcctctgggagga 
acttccatctgctctggaattaaatatgcatttcaggtgattggagagctacattcccaactcgatggatccgaagta 
ctgctgctgactgatggggaggataacactgcaagttcttgtattgatgaagtgaaacaaagtggggccattgttcat 
tttattgctttgggaagagctgctgatgaagcagtaatagagatgagcaagataacaggaggaagtcatttttatgtt 
tcagatgaagctcagaacaatggcctcattgatgcttttggggctcttacatcaggaaatactgatctctcccagaag 
tcccttcagctcgaaagtaagggattaacactgaatagtaatgcctggatgaacgacactgtcataattgatagtaca 
gtgggaaaggacacgttctttctcatcacatggaacagtctgcctcccagtatttctctctgggatcccagtggaaca 
ataatggaaaatttcacagtggatgcaacttccaaaatggcctatctcagtattccaggaactgcaaaggtgggcact 
tgggcatacaatcttcaagccaaagcgaacccagaaacattaactattacagtaacttctcgagcagcaaattcttct 
gtgcctccaatcacagtgaatgctaaaatgaataaggacgtaaacagtttccccagcccaatgattgtttacgcagaa 
attctacaaggatatgtacctgttcttggagccaatgtgactgctttcattgaatcacagaatggacatacagaagtt 
ttggaacttttggataatggtgcaggcgctgattctttcaagaatgatggagtctactccaggtattttacagcatat 
acagaaaatggcagatatagcttaaaagttcgggctcatggaggagcaaacactgccaggctaaaattacggcctcca 
ctgaatagagccgcgtacataccaggctgggtagtgaacggggaaattgaagcaaacccgccaagacctgaaattgat 
g agg at ac t c ag ac c ac c t t g gag gat t t c ag c c g aac agc at c cgg ag g t g cat ttgtggtat c ac aag t c c c aag c 
cttcccttgcctgaccaatacccaccaagtcaaatcacagaccttgatgccacagttcatgaggataagattattctt 
acatggacagcaccaggagataattttgatgttggaaaagttcaacgttatatcataagaataagtgcaagtattctt 
gatctaagagacagttttgatgatgctcttcaagtaaatactactgatctgtcaccaaaggaggccaactccaaggaa 
agctttgcatttaaaccagaaaatatctcagaagaaaatgcaacccacatatttattgccattaaaagtatagataaa 
agcaatttgacatcaaaagtatccaacattgcacaagtaactttgtttatccctcaagcaaatcctgatgacattgat 
cctacacctactcctactcctactcctactcctgataaaagtcataattctggagttaatatttctacgctggtattg 
tctgtgattgggtctgttgtaattgttaactttattttaagtaccaccatttgaaccttaacgaagaaaaaaatcttc 
aag tag ac c t agaag ag agt t t t aaaaaac aaaac aat gt aag t aaagg at at t t c t g aat ct t aaaat t c at cc c at 
gtgtgatcataaactcataaaaataattttaagatgtcggaaaaggatactttgattaaat7\aaaacactcatggata 
tgtaaaaactgtcaagattaaaatttaatagtttcatttatttgttattttatttgtaagaaatagtgatgaacaaag 
atcctttttcatactgatacctggttgtatattatttgatgcaacagttttctgaaatgatatttcaaattgcatcaa 
gaaattaaaatcatctatctgagtagtcaaaatacaagtaaaggagagcaaataaacaacatttggaaaaaaaaaaaa 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa;^^ 
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FIGURE 70 

MGLFRGFVFLLVLCLLHQSNTSFIKLNNNGFEDIVIVIDPSVPEDEKIIEQIEDMVTTASTYLFE 
ATEKRFFFKNVSILIPENWKENPQYKRPKHENHKHADVIVAPPTLPGRDEPYTKQFTECGEKGEY 
IHFTPDLLLGKKQNEYGPPGKLFVHEWAHLRWGVFDEYNEDQPFYRAKSKKIEATRCSAGISGRN 
RVYKCQGGSCLSRACRIDSTTKLYGKDCQFFPDKVQTEKASIMFMQSIDSVVEFCNEKTHNQEAP 
SLQNIKCNFRSTWEVISNSEDFKNTIPMVTPPPPPVFSLLKISQRIVCLVLDKSGSMGGKDRLNR 
MNQAAKHFLLQTVENGSWVGMVHFDSTATIVNKLIQIKSSDERNTLMAGLPTYPLGGTSICSGIK 
YAFQVIGELHSQLDGSEVLLLTDGEDNTASSCIDEVKQSGAIVHFIALGRAADEAVIEMSKITGG 
SHFYVSDEAQNNGLIDAFGALTSGNTDLSQKSLQLESKGLTLNSNAWMNDTVIIDSTVGKDTFFL 
ITWNSLPPSISLWDPSGTIMENFTVDATSKMAYLSIPGTAKVGTWAYNLQAKANPETLTITVTSR 
AANSSVPPITVNAKMNKDVNSFPSPMIVYAEILQGYVPVLGANVTAFIESQNGHTEVLELLDNGA 
GADS FKN DGVYSRY FTAYT ENGRY SLKVRAHGGANTARLKLRP PLNRAAY I PGWVVNGE I EAN P P 
RPEIDEDTQTTLEDFSRTASGGAFVVSQVPSLPLPDQYPPSQITDLDATVHEDKIILTWTAPGDN 
FDVGKVQRYIIRISASILDLRDSFDDALQVNTTDLSPKEANSKESFAFKPENISEENATHIFIAI 
KSIDKSNLTSKVSNIAQVTLFIPQANPDDIDPTPTPTPTPTPDKSHNSGVNISTLVLSVIGSVVI 
VNFILSTTI 

Signal peptide: 

amino acids 1-21 

Putative transmembrane domains: 

amino acids 284-300, 617-633 

Leucine zipper pattern. 

amino acids 469-491, 476-498 

N-glycosylation site. 

amino acids 20-24, 75-79, 340-344, 504-508, 542-546, 588-592, 
628-632, 811-815, 832-836, 837-841, 852-856, 896-900 
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FIGURE 71 



CTCCTTAGGTGGAAACCCTGGGAGTAGAGTACTGACAGCAAAGACCGGGAAAGACCATACGTCCCCGGGCAGGGGTGA 
CAACAGGTGTCATCTTTTTGATCTCGTGTGTGGCTGCCTTCCTATTTCAAGGAAAGACGCCAAGGTAATTTTGACCCA 
GAGGAGCAATGATGTAGCCACCTCCTAACCTTCCCTTCTTGAACCCCCAGTTATGCCAGGATTTACTAGAGAGTGTCA 
ACTCAACCAGCAAGCGGCTCCTTCGGCTTAACTTGTGGTTGGAGGAGAGAACCTTTGTGGGGCTGCGTTCTCTTAGCA 
GTGCTCAGAAGTGACTTGCCTGAGGGTGGACCAGAAGAAAGGAAAGGTCCCCTCTTGCTGTTGGCTGCACATCAGGAA 
GGCTGTGATGGGAATGAAGGTGAAAACTTGGAGATTTCACTTCAGTCATTGCTTCTGCCTGCAAGATCATCCTTTAAA 
AGTAGAGAAGCTGCTCTGTGTGGTGGTTAACTCCAAGAGGCAGAACTCGTTCTAGAAGGAAATGGATGCAAGCAGCTC 
CGGGGGCCCCAAACGCATGCTTCCTGTGGTCTAGCCCAGGGAAGCCCTTCCGTGGGGGCCCCGGCTTTGAGGGATGCC 
ACCGGTTCTGGACGCATGGCTGATTCCTGAATGATGATGGTTCGCCGGGGGCTGCTTGCGTGGATTTCCCGGGTGGTG 
GTTTTGCTGGTGCTCCTCTGCTGTGCTATCTCTGTCCTGTACATGTTGGCCTGCACCCCAAAAGGTGACGAGGAGCAG 
CTGGCACTGCCCAGGGCCAACAGCCCCACGGGGAAGGAGGGGTACCAGGCCGTCCTTCAGGAGTGGGAGGAGCAGCAC 
CGCAACTACGTGAGCAGCCTGAAGCGGCAGATCGCACAGCTCAAGGAGGAGCTGCAGGAGAGGAGTGAGCAGCTCAGG 
AATGGGCAGTACCAAGCCAGCGATGCTGCTGGCCTGGGTCTGGACAGGAGCCCCCCAGAGAAAACCCAGGCCGACCTC 
CTGGCCTTCCTGCACTCGCAGGTGGACAAGGCAGAGGTGAATGCTGGCGTCAAGCTGGCCACAGAGTATGCAGCAGTG 
CCTTTCGATAGCTTTACTCTACAGAAGGTGTACCAGCTGGAGACTGGCCTTACCCGCCACCCCGAGGAGAAGCCTGTG 
AGGAAGGACAAGCGGGATGAGTTGGTGGAAGCCATTGAATCAGCCTTGGAGACCCTGAACAATCCTGCAGAGAACAGC 
CCCAATCACCGTCCTTACACGGCCTCTGATTTCATAGAAGGGATCTACCGAACAGAAAGGGACAAAGGGACATTGTAT 
GAGCTCACCTTCAAAGGGGACCACAAACACGAATTCAAACGGCTCATCTTATTTCGACCATTCAGCCCCATCATGAAA 
GTGAAAAATGAAAAGCTCAACATGGCCAACACGCTTATCAATGTTATCGTGCCTCTAGCAAAAAGGGTGGACAAGTTC 
CGGCAGTTCATGCAGAATTTCAGGGAGATGTGCATTGAGCAGGATGGGAGAGTCCATCTCACTGTTGTTTACTTTGGG 
AAAG AAG AAAT AAAT G AAG T C AAAG G AA T AC T T G AAAAC AC T T C C AAAGC T G C C AAC T T C AG G AAC T T T AC C T T CAT C 
CAGCTGAATGGAGAATTTTCTCGGGGAAAGGGACTTGATGTTGGAGCCCGCTTCTGGAAGGGAAGCAACGTCCTTCTC 
TTTTTCTGTGATGTGGACATCTACTTCACATCTGAATTCCTCAATACGTGTAGGCTGAATACACAGCCAGGGAAGAAG 
GTATTTTATCCAGTTCTTTTCAGTCAGTACAATCCTGGCATAATATACGGCCACCATGATGCAGTCCCTCCCTTGGAA 
CAGCAGCTGGTCATAAAGAAGGAAACTGGATTTTGGAGAGACTTTGGATTTGGGATGACGTGTCAGTATCGGTCAGAC 
TTCATCAATATAGGTGGGTTTGATCTGGACATCAAAGGCTGGGGCGGAGAGGATGTGCACCTTTATCGCAAGTATCTC 
CACAGCAACCTCATAGTGGTACGGACGCCTGTGCGAGGACTCTTCCACCTCTGGCATGAGAAGCGCTGCATGGACGAG 
CTGACCCCCGAGCAGTACAAGATGTGCATGCAGTCCAAGGCCATGAACGAGGCATCCCACGGCCAGCTGGGCATGCTG 
GTGTTCAGGCACGAGATAGAGGCTCACCTTCGCAAACAGAAACAGAAGACAAGTAGCAAAAAAACATGAACTCCCAGA 
G AAG GAT T G T GG GAG AC AC TTTTTCTTTCCTTTT G C AAT T AC T G AAAG T G G C T G C AAC AG AG AAAAG AC T T C CAT AAA 
GGACGACAAAAGAATTGGACTGATGGGTCAGAGATGAGAAAGCCTCCGATTTCTCTCTGTTGGGCTTTTTACAACAGA 
AATCAAAATCTCCGCTTTGCCTGCAAAAGTAACCCAGTTGCACCCTGTGAAGTGTCTGACAAAGGCAGAATGCTTGTG 
AGATTATAAGCCTAATGGTGTGGAGGTTTTGATGGTGTTTACAATACACTGAGACCTGTTGTTTTGTGTGCTCATTGA 
AATATTCATGATTTAAGAGCAGTTTTGTAAAAAATTCATTAGCATGAAAGGCAAGCATATTTCTCCTCATATGAATGA 
GCCTATCAGCAGGGCTCTAGTTTCTAGGAATGCTAAAATATCAGAAGGCAGGAGAGGAGATAGGCTTATTATGATACT 
AG T GAG T AC AT T AAGT AAAAT AAAAT GG AC C AGAAAAG AAAAGAAAC C AT AAAT AT CGT G TC AT AT T T T C C C C AAGAT 
TAACCAAAAATAATCTGCTTATCTTTTTGGTTGTCCTTTTAACTGTCTCCGTTTTTTTCTTTTATTTAAAAATGCACT 
TTTTTTCCCTTGTGAGTTATAGTCTGCTTATTTAATTACCACTTTGCAAGCCTTACAAGAGAGCACAAGTTGGCCTAC 
AT T T T TAT AT T T T T T AAG AAG AT AC T T T G AG ATG C AT T AT GAG AAC T T T C AG T T C AAAGC AT C AAAT T GAT G CC AT AT 
CCAAGGACATGCCA/yVTGCTGATTCTGTCAGGCACTGAATGTCAGGCATTGAGACATAGGGAAGGAATGGTTTGTACT 
AATACAGACGTACAGATACTTTCTCTGAAGAGTATTTTCGAAGAGGAGCAACTGAACACTGGAGGAAAAGAAAATGAC 
ACTTTCTGCTTTACAGAAAAGGAAACTCATTCAGACTGGTGATATCGTGATGTACCTAAAAGTCAGAAACCACATTTT 
CTCCTCAGAAGTAGGGACCGCTTTCTTACCTGTTTAAATAAACCAAAGTATACCGTGTGAACCAAACAATCTCTTTTC 
AAAACAGGGTGCTCCTCCTGGCTTCTGGCTTCCATAAGAAGAAATGGAGAAAAATATATATATATATATATATATTGT 
GAAAGATCAATCCATCTGCCAGAATCTAGTGGGATGGAAGTTTTTGCTACATGTTATCCACCCCAGGCCAGGTGGAAG 
TAACTGAATTATTTTTTAAATTAAGCAGTTCTACTCAATCACCAAGATGCTTCTGAAAATTGCATTTTATTACCATTT 
CAAACTATTTTTTAAAAATAAATACAGTTAACATAGAGTGGTTTCTTCATTCATGTGAAAATTATTAGCCAGCACCAG 
ATGCATGAGCTAATTATCTCTTTGAGTCCTTGCTTCTGTTTGCTCACAGTAAACTCATTGTTTAAAAGCTTCAAGAAC 
ATTCAAGCTGTTGGTGTGTTAAAAAATGCATTGTATTGATTTGTACTGGTAGTTTATGAAATTTAATTAAAACACAGG 
C C AT GAAT GG AAGG T GG T AT T G C AC AGC T AAT AAAAT ATGAT T T GT GG AT AT G AA 
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FIGURE 72 

MMMVRRGLLAW I S RVVVLLVLLCCAI SVLYMLACT PKG DEEQLAL PRANS PTGKEGYQAVLQEWE 
EQHRNYVSSLKRQIAQLKEELQERSEQLRNGQYQASDAAGLGLDRSPPEKTQADLLAFLHSQVDK 
AEVNAGVKLATEYAAVPFDSFTLQKVYQLETGLTRHPEEKPVRKDKRDELVEAIESALETLNNPA 
ENSPNHRPYTASDFIEGIYRTERDKGTLYELTFKGDHKHEFKRLILFRPFSPIMKVKNEKLNMAN 
TLINVIVPLAKRVDKFRQFMQNFREMCIEQDGRVHLTVVYFGKEEINEVKGILENTSKAANFRNF 
TFIQLNGEFSRGKGLDVGARFWKGSNVLLFFCDVDIYFTSEFLNTCRLNTQPGKKVFYPVLFSQY 
NPGIIYGHHDAVPPLEQQLVIKKETGFWRDFGFGMTCQYRSDFINIGGFDLDIKGWGGEDVHLYR 
KYLHSNLIVVRTPVRGLFHLWHEKRCMDELTPEQYKMCMQSKAMNEASHGQLGMLVFRHEIEAHL 
RKQKQKTSSKKT 

Important features : 
Signal peptide: 

amino acids 1-27 

N-glycosylation sites . 

amino acids 315-319, 324-328 

N-myristoylation sites. 

amino acids 96-102, 136-142, 212-218, 311-317, 339-345, 393-399 



Amidation site. 

amino acids 377-381 
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FIGURE 73 

GAGACTGCAGAGGGAGATAAAGAGAGAGGGCAAAGAGGCAGCAAGAGATTTGTCCTGGGGATCCA 
GAAACCCATGATACCCTACTGAACACCGAATCCCCTGGAAGCCCACAGAGACAGAGACAGCAAGA 
GAAGCAGAGATAAATACACTCACGCCAGGAGCTCGCTCGCTCTCTCTCTCTCTCTCTCACTCCTC 
CCTCCCTCTCTCTCTGCCTGTCCTAGTCCTCTAGTCCTCAAATTCCCAGTCCCCTGCACCCCTTC 
CTGGGACACT ATG TTGTTCTCCGCCCTCCTGCTGGAGGTGATTTGGATCCTGGCTGCAGATGGGG 
GTCAACACTGGACGTATGAGGGCCCACATGGTCAGGACCATTGGCCAGCCTCTTACCCTGAGTGT 
GGAAACAATGCCCAGTCGCCCATCGATATTCAGACAGACAGTGTGACATTTGACCCTGATTTGCC 
TGCTCTGCAGCCCCACGGATATGACCAGCCTGGCACCGAGCCTTTGGACCTGCACAACAATGGCC 
ACACAGTGCAACTCTCTCTGCCCTCTACCCTGTATCTGGGTGGACTTCCCCGAAAATATGTAGCT 
GCCCAGCTCCACCTGCACTGGGGTCAGAAAGGATCCCCAGGGGGGTCAGAACACCAGATCAACAG 
TGAAGCCACATTTGCAGAGCTCCACATTGTACATTATGACTCTGATTCCTATGACAGCTTGAGTG 
AGGCTGCTGAGAGGCCTCAGGGCCTGGCTGTCCTGGGCATCCTAATTGAGGTGGGTGAGACTAAG 
AATATAGCTTATGAACACATTCTGAGTCACTTGCATGAAGTCAGGCATAAAGATCAGAAGACCTC 
AGTGCCTCCCTTCAACCTAAGAGAGCTGCTCCCCAAACAGCTGGGGCAGTACTTCCGCTACAATG 
GCTCGCTCACAACTCCCCCTTGCTACCAGAGTGTGCTCTGGACAGTTTTTTATAGAAGGTCCCAG 
ATTTCAATGGAACAGCTGGAAAAGCTTCAGGGGACATTGTTCTCCACAGAAGAGGAGCCCTCTAA 
GCTTCTGGTACAGAACTACCGAGCCCTTCAGCCTCTCAATCAGCGCATGGTCTTTGCTTCTTTCA 
TCCAAGCAGGATCCTCGTATACCACAGGTGAAATGCTGAGTCTAGGTGTAGGAATCTTGGTTGGC 
TGTCTCTGCCTTCTCCTGGCTGTTTATTTCATTGCTAGAAAGATTCGGAAGAAGAGGCTGGAAAA 
CCGAAAGAGTGTGGTCTTCACCTCAGCACAAGCCACGACTGAGGCATAAATTCCTTCTCAGATAC 
CATGGATGTGGATGACTTCCCTTCATGCCTATCAGGAAGCCTCTAAAATGGGGTGTAGGATCTGG 
CCAGAAACACTGTAGGAGTAGTAAGCAGATGTCCTCCTTCCCCTGGACATCTCTTAGAGAGGAAT 
GGACCCAGGCTGTCATTCCAGGAAGAACTGCAGAGCCTTCAGCCTCTCCAAACATGTAGGAGGAA 
ATGAGGAAATCGCTGTGTTGTTAATGCAGAGANCAAACTCTGTTTAGTTGCAGGGGAAGTTTGGG 
ATATACCCCAAAGTCCTCTACCCCCTCACTTTTATGGCCCTTTCCCTAGATATACTGCGGGATCT 
CTCCTTAGGATAAAGAGTTGCTGTTGAAGTTGTATATTTTTGATCAATATATTTGGAAATTAAAG 
TTTCTGACTTT 
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FIGURE 74 

MLFSALLLEVIWILAADGGQHWTYEGPHGQDHWPASYPECGNNAQSPIDIQTDSVTFDPDLPALQ 
PHGYDQPGTEPLDLHNNGHTVQLSLPSTLYLGGLPRKYVAAQLHLHWGQKGSPGGSEHQINSEAT 
FAELHIVHYDSDSYDSLSEAAERPQGLAVLGILIEVGETKNIAYEHILSHLHEVRHKDQKTSVPP 
FNLRELLPKQLGQYFRYNGSLTTPPCYQSVLWTVFYRRSQISMEQLEKLQGTLFSTEEEPSKLLV 
QNYRALQPLNQRMVFASFIQAGSSYTTGEMLSLGVGILVGCLCLLLAVYFIARKIRKKRLENRKS 
VVFTSAQATTEA 

Important features of the protein: 
Signal peptide: 

amino acids 1-15 

Transmembrane domain: 

amino acids 291-310 

N-glycosylation site. 

amino acids 213-216 

Eukaryo tic -type carbonic anhydrases proteins 

amino acids 197-245, 104-140, 22-69 
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FIGURE 75 

TGCCGCTGCCGCCGCTGCTGCTGTTGCTCCTGGCGGCGCCTTGGGGACGGGCAGTTCCCTGTGTC 
TCTGGTGGTTTGCCTAAACCTGCAAACATCACCTTCTTATCCATCAACATGAAGAATCTCCTACA 
ATGGACTCCACCAGAGGGTCTTCAAGGAGTTAAAGTTACTTACACTGTGCAGTATTTCATCACAA 
ATTGGCCCACCAGAGGTGGCACTGACTACAGATGAGAAGTCCATTTCTGTTGTCCTGACAGCTCC 
AGAGAAGTGGAAGAGAAATCCAGAAGACCTTCCTGTTTCCATGCAACAAATATACTCCAATCTGA 
AGTATAACGTGTCTGTGTTGAATACTAAATCAAACAGAACGTGGTCCCAGTGTGTGACCAACCAC 
ACGCTGGTGCTCACCTGGCTGGAGCCGAACACTCTTTACTGCGTACACGTGGAGTCCTTCGTCCC 
AGGGCCCCCTCGCCGTGCTCAGCCTTCTGAGAAGCAGTGTGCCAGGACTTTGAAAGATCAATCAT 
CAGAGTTCAAGGCTAAAATCATCTTCTGGTATGTTTTGCCCATATCTATTACCGTGTTTCTTTTT 
TCTGTGATGGGCTATTCCATCTACCGATATATCCACGTTGGCAAAGAGAAACACCCAGCAAATTT 
GATTTTGATTTATGGAAATGAATTTGACAAAAGATTCTTTGTGCCTGCTGAAAAAATCGTGATTA 
ACTTTATCACCCTCAATATCTCGGATGATTCTAAAATTTCTCATCAGGATATGAGTTTACTGGGA 
AAAAGCAGTGATGTATCCAGCCTTAATGATCCTCAGCCCAGCGGGAACCTGAGGCCCCCTCAGGA 
GGAAGAGGAGGTGAAACATTTAGGGTATGCTTCGCATTTGATGGAAATTTTTTGTGACTCTGAAG 
AAAACACGGAAGGTACTTCTCTCACCCAGCAAGAGTCCCTCAGCAGAACAATACCCCCGGATAAA 
ACAGTCATTGAATATGAATATGATGTCAGAACCACTGACATTTGTGCGGGGCCTGAAGAGCAGGA 
GCTCAGTTTGCAGGAGGAGGTGTCCACACAAGGAACATTATTGGAGTCGCAGGCAGCGTTGGCAG 
TCTTGGGCCCGCAAACGTTACAGTACTCATACACCCCTCAGCTCCAAGACTTAGACCCCCTGGCG 
CAGGAGCACACAGACTCGGAGGAGGGGCCGGAGGAAGAGCCATCGACGACCCTGGTCGACTGGGA 
TCCCCAAACTGGCAGGCTGTGTATTCCTTCGCTGTCCAGCTTCGACCAGGATTCAGAGGGCTGCG 
AGCCTTCTGAGGGGGATGGGCTCGGAGAGGAGGGTCTTCTATCTAGACTCTATGAGGAGCCGGCT 
CCAGACAGGCCACCAGGAGAAAATGAAACCTATCTCATGCAATTCATGGAGGAATGGGGGTTATA 
TGTGCAGATGGAAAAC TGA TGCCAACACTTCCTTTTGCCTTTTGTTTCCTGTGCAAACAAGTGAG 
TCACCCCTTTGATCCCAGCCATAAAGTACCTGGGATGAAAGAAGTTTTTTCCAGTTTGTCAGTGT 
CTGTGAGAATTACTTATTTCTTTTCTCTATTCTCATAGCACGTGTGTGATTGGTTCATGCATGTA 
GGTCTCTTAACAATGATGGTGGGCCTCTGGAGTCCAGGGGCTGGCCGGTTGTTCTATGCAGAGAA 
AGCAGTCAATAAATGTTTGCCAGACTGGGTGCAGAATTTATTCAGGTGGGTGT 
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FIGURE 76 

MSYNGLHQRVFKELKLLTLCSISSQIGPPEVALTTDEKSISVVLTAPEKWKRNPEDLPVSMQQIY 
SNLKYNVSVLNTKSNRTWSQCVTNHTLVLTWLEPNTLYCVHVESFVPGPPRRAQPSEKQCARTLK 
DQSSEFKAKIIFWYVLPISITVFLFSVMGYSIYRYIHVGKEKHPANLILIYGNEFDKRFFVPAEK 
IVINFITLNISDDSKISHQDMSLLGKSSDVSSLNDPQPSGNLRPPQEEEEVKHLGYASHLMEIFC 
DSEENTEGTSLTQQESLSRTIPPDKTVIEYEYDVRTTDICAGPEEQELSLQEEVSTQGTLLESQA 
ALAVLGPQTLQYSYTPQLQDLDPLAQEHTDSEEGPEEEPSTTLVDWDPQTGRLCIPSLSSFDQDS 
EGCEPSEGDGLGEEGLLSRLYEEPAPDRPPGENETYLMQFMEEWGLYVQMEN 

Important features: 
Signal peptide: 

amino acids 1-28 

Transmembrane domain: 

amino acids 140-163 

N-glycosylation sites. 

amino acids 71-74, 80-83, 89-92, 204-207, 423-426 
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FIGURE 77 



GAGGAGCGGGCCGAGGACTCCAGCGTGCCCAGGTCTGGCATCCTGCACTTGCTGCCCTCTGACAC 
CTGGGAAGATGGCCGGCCCGTGGACCTTCACCCTTCTCTGTGGTTTGCTGGCAGCCACCTTGATC 
CAAGCCACCCTCAGTCCCACTGCAGTTCTCATCCTCGGCCCAAAAGTCATCAAAGAAAAGCTGAC 
ACAGGAGCTGAAGGACCACAACGCCACCAGCATCCTGCAGCAGCTGCCGCTGCTCAGTGCCATGC 
GGGAAAAGCCAGCCGGAGGCATCCCTGTGCTGGGCAGCCTGGTGAACACCGTCCTGAAGCACATC 
ATCTGGCTGAAGGTCATCACAGCTAACATCCTCCAGCTGCAGGTGAAGCCCTCGGCCAATGACCA 
GGAGCTGCTAGTCAAGATCCCCCTGGACATGGTGGCTGGATTCAACACGCCCCTGGTCAAGACCA 
TCGTGGAGTTCCACATGACGACTGAGGCCCAAGCCACCATCCGCATGGACACCAGTGCAAGTGGC 
CCCACCCGCCTGGTCCTCAGTGACTGTGCCACCAGCCATGGGAGCCTGCGCATCCAACTGCTGTA 
TAAGCTCTCCTTCCTGGTGAACGCCTTAGCTAAGCAGGTCATGAACCTCCTAGTGCCATCCCTGC 
CCAATCTAGTGAAAAACCAGCTGTGTCCCGTGATCGAGGCTTCCTTCAATGGCATGTATGCAGAC 
CTCCTGCAGCTGGTGAAGGTGCCCATTTCCCTCAGCATTGACCGTCTGGAGTTTGACCTTCTGTA 
TCCTGCCATCAAGGGTGACACCATTCAGCTCTACCTGGGGGCCAAGTTGTTGGACTCACAGGGAA 
AGGTGACCAAGTGGTTCAATAACTCTGCAGCTTCCCTGACAATGCCCACCCTGGACAACATCCCG 
TTCAGCCTCATCGTGAGTCAGGACGTGGTGAAAGCTGCAGTGGCTGCTGTGCTCTCTCCAGAAGA 
ATTCATGGTCCTGTTGGACTCTGTGCTTCCTGAGAGTGCCCATCGGCTGAAGTCAAGCATCGGGC 
TGATCAATGAAAAGGCTGCAGATAAGCTGGGATCTACCCAGATCGTGAAGATCCTAACTCAGGAC 
ACTCCCGAGTTTTTTATAGACCAAGGCCATGCCAAGGTGGCCCAACTGATCGTGCTGGAAGTGTT 
TCCCTCCAGTGAAGCCCTCCGCCCTTTGTTCACCCTGGGCATCGAAGCCAGCTCGGAAGCTCAGT 
TTTACACCAAAGGTGACCAACTTATACTCAACTTGAATAACATCAGCTCTGATCGGATCCAGCTG 
ATGAACTCTGGGATTGGCTGGTTCCAACCTGATGTTCTGAAAAACATCATCACTGAGATCATCCA 
CTCCATCCTGCTGCCGAACCAGAATGGCAAATTAAGATCTGGGGTCCCAGTGTCATTGGTGAAGG 
CCTTGGGATTCGAGGCAGCTGAGTCCTCACTGACCAAGGATGCCCTTGTGCTTACTCCAGCCTCC 
TTGTGGAAACCCAGCTCTCCTGTCTCCCAGTGAAGACTTGGATGGCAGCCATCAGGGAAGGCTGG 
GTCCCAGCTGGGAGTATGGGTGTGAGCTCTATAGACCATCCCTCTCTGCAATCAATAAACACTTG 
CCTGTGAAAAA 
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FIGURE 78 

MAGPWTFTLLCGLLAATLIQATLSPTAVLILGPKVIKEKLTQELKDHNATSILQQLPLLSAMREK 
PAGGIPVLGSLVNTVLKHIIWLKVITANILQLQVKPSANDQELLVKIPLDMVAGFNTPLVKTIVE 
FHMTTEAQATIRMDTSASGPTRLVLSDCATSHGSLRIQLLYKLSFLVNALAKQVMNLLVPSLPNL 
VKNQLCPVIEASFNGMYADLLQLVKVPISLSIDRLEFDLLYPAIKGDTIQLYLGAKLLDSQGKVT 
KWFNNSAASLTMPTLDNIPFSLIVSQDVVKAAVAAVLSPEEFMVLLDSVLPESAHRLKSSIGLIN 
EKAADKLGSTQIVKILTQDTPEFFIDQGHAKVAQLIVLEVFPSSEALRPLFTLGIEASSEAQFYT 
KGDQLILNLNNISSDRIQLMNSGIGWFQPDVLKNIITEIIHSILLPNQNGKLRSGVPVSLVKALG 
FEAAE S SLTKDAL VLT PAS LWKPS S PVSQ 

Important features of the protein: 
Signal peptide: 

amino acids 1-21 

N-glycosylation sites. 

amino acids 48-51, 264-267, 401-404 

Glycosaminoglycan attachment site. 

amino acids 412-415 

LBP / BPI / CETP family proteins. 

amino acids 407-457 
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FIGURE 79 

GAGAGAAGTCAGCCTGGCAGAGAGACTCTGAAATGAGGGATTAGAGGTGTTCAAGGAGCAAGAGC 
TTCAGCCTGAAGACAAGGGAGCAGTCCCTGAAGACGCTTCTACTGAGAGGTCTGCCATGGCCTCT 
CTTGGCCTCCAACTTGTGGGCTACATCCTAGGCCTTCTGGGGCTTTTGGGCACACTGGTTGCCAT 
GCTGCTCCCCAGCTGGAAAACAAGTTCTTATGTCGGTGCCAGCATTGTGACAGCAGTTGGCTTCT 
CCAAGGGCCTCTGGATGGAATGTGCCACACACAGCACAGGCATCACCCAGTGTGACATCTATAGC 
ACCCTTCTGGGCCTGCCCGCTGACATCCAGGCTGCCCAGGCCATGATGGTGACATCCAGTGCAAT 
CTCCTCCCTGGCCTGCATTATCTCTGTGGTGGGCATGAGATGCACAGTCTTCTGCCAGGAATCCC 
GAGCCAAAGACAGAGTGGCGGTAGCAGGTGGAGTCTTTTTCATCCTTGGAGGCCTCCTGGGATTC 
ATTCCTGTTGCCTGGAATCTTCATGGGATCCTACGGGACTTCTACTCACCACTGGTGCCTGACAG 
CATGAAATTTGAGATTGGAGAGGCTCTTTACTTGGGCATTATTTCTTCCCTGTTCTCCCTGATAG 
CTGGAATCATCCTCTGCTTTTCCTGCTCATCCCAGAGAAATCGCTCCAACTACTACGATGCCTAC 
CAAGCCCAACCTCTTGCCACAAGGAGCTCTCCAAGGCCTGGTCAACCTCCCAAAGTCAAGAGTGA 
GTTCAATTCCTACAGCCTGACAGGGTATGTGTGAAGAACCAGGGGCCAGAGCTGGGGGGTGGCTG 
GGTCTGTGAAAAACAGTGGACAGCACCCCGAGGGCCACAGGTGAGGGACACTACCACTGGATCGT 
GTCAGAAGGTGCTGCTGAGGATAGACTGACTTTGGCCATTGGATTGAGCAAAGGCAGAAATGGGG 
GCTAGTGTAACAGCATGCAGGTTGAATTGCCAAGGATGCTCGCCATGCCAGCCTTTCTGTTTTCC 
TCACCTTGCTGCTCCCCTGCCCTAAGTCCCCAACCCTCAACTTGAAACCCCATTCCCTTAAGCCA 
GGACTCAGAGGATCCCTTTGCCCTCTGGTTTACCTGGGACTCCATCCCCAAACCCACTAATCACA 
TCCCACTGACTGACCCTCTGTGATCAAAGACCCTCTCTCTGGCTGAGGTTGGCTCTTAGCTCATT 
GCTGGGGATGGGAAGGAGAAGCAGTGGCTTTTGTGGGCATTGCTCTAACCTACTTCTCAAGCTTC 
CCTCCAAAGAAACTGATTGGCCCTGGAACCTCCATCCCACTCTTGTTATGACTCCACAGTGTCCA 
GACTAATTTGTGCATGAACTGAAATAAAACCATCCTACGGTATCCAGGGAACAGAAAGCAGGATG 
CAGGATGGGAGGACAGGAAGGCAGCCTGGGACATTTAAAAAAATA 
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FIGURE 80 

MASLGLQLVGYILGLLGLLGTLVAMLLPSWKTSSYVGASIVTAVGFSKGLWMECATHSTGITQCD 
IYSTLLGLPADIQAAQAMMVTSSAISSLACIISVVGMRCTVFCQESRAKDRVAVAGGVFFILGGL 
LGFIPVAWNLHGILRDFYSPLVPDSMKFEIGEALYLGIISSLFSLIAGIILCFSCSSQRNRSNYY 
DAYQAQPLATRSSPRPGQPPKVKSEFNSYSLTGYV 

Important features of the protein: 
Signal peptide: 

amino acids 1-24 

Transmembrane domains: 

amino acids 82-102, 117-140, 163-182 

N-glycosylation site . 

amino acids 190-193 

PMP-22 / EMP / MP20 family proteins. 

amino acids 46-59 
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FIGURE 81 

CCCACGCGTCCGCGCCTCTCCCTTCTGCTGGACCTTCCTTCGTCTCTCCATCTCTCCCTCCTTTC 
CCCGCGTTCTCTTTCCACCTTTCTCTTCTTCCCACCTTAGACCTCCCTTCCTGCCCTCCTTTCCT 
GCCCACCGCTGCTTCCTGGCCCTTCTCCGACCCCGCTCTAGCAGCAGACCTCCTGGGGTCTGTGG 
GTTGATCTGTGGCCCCTGTGCCTCCGTGTCCTTTTCGTCTCCCTTCCTCCCGACTCCGCTCCCGG 
ACCAGCGGCCTGACCCTGGGGAAAGGATGGTTCCCGAGGTGAGGGTCCTCTCCTCCTTGCTGGGA 
CTCGCGCTGCTCTGGTTCCCCCTGGACTCCCACGCTCGAGCCCGCCCAGACATGTTCTGCCTTTT 
CCATGGGAAGAGATACTCCCCCGGCGAGAGCTGGCACCCCTACTTGGAGCCACAAGGCCTGATGT 
ACTGCCTGCGCTGTACCTGCTCAGAGGGCGCCCATGTGAGTTGTTACCGCCTCCACTGTCCGCCT 
GTCCACTGCCCCCAGCCTGTGACGGAGCCACAGCAATGCTGTCCCAAGTGTGTGGAACCTCACAC 
TCCCTCTGGACTCCGGGCCCCACCAAAGTCCTGCCAGCACAACGGGACCATGTACCAACACGGAG 
AGATCTTCAGTGCCCATGAGCTGTTCCCCTCCCGCCTGCCCAACCAGTGTGTCCTCTGCAGCTGC 
ACAGAGGGCCAGATCTACTGCGGCCTCACAACCTGCCCCGAACCAGGCTGCCCAGCACCCCTCCC 
ACTGCCAGACTCCTGCTGCCAAGCCTGCAAAGATGAGGCAAGTGAGCAATCGGATGAAGAGGACA 
GTGTGCAGTCGCTCCATGGGGTGAGACATCCTCAGGATCCATGTTCCAGTGATGCTGGGAGAAAG 
AGAGGCCCGGGCACCCCAGCCCCCACTGGCCTCAGCGCCCCTCTGAGCTTCATCCCTCGCCACTT 
CAGACCCAAGGGAGCAGGCAGCACAACTGTCAAGATCGTCCTGAAGGAGAAACATAAGAAAGCCT 
GTGTGCATGGCGGGAAGACGTACTCCCACGGGGAGGTGTGGCACCCGGCCTTCCGTGCCTTCGGC 
CCCTTGCCCTGCATCCTATGCACCTGTGAGGATGGCCGCCAGGACTGCCAGCGTGTGACCTGTCC 
CACCGAGTACCCCTGCCGTCACCCCGAGAAAGTGGCTGGGAAGTGCTGCAAGATTTGCCCAGAGG 
ACAAAGCAGACCCTGGCCACAGTGAGATCAGTTCTACCAGGTGTCCCAAGGCACCGGGCCGGGTC 
CTCGTCCACACATCGGTATCCCCAAGCCCAGACAACCTGCGTCGCTTTGCCCTGGAACACGAGGC 
CTCGGACTTGGTGGAGATCTACCTCTGGAAGCTGGTAAAAGATGAGGAAACTGAGGCTCAGAGAG 
GTGAAGTACCTGGCCCAAGGCCACACAGCCAGAATCTTCCACTTGACTCAGATCAAGAAAGTCAG 
GAAGCAAGACTTCCAGAAAGAGGCACAGCACTTCCGACTGCTCGCTGGCCCCCACGAAGGTCACT 
GGAACGTCTTCCTAGCCCAGACCCTGGAGCTGAAGGTCACGGCCAGTCCAGACAAAGTGACCAAG 
ACATAACAAAGACCTAACAGTTGCAGATATGAGCTGTATAATTGTTGTTATTATATATTAATAAA 
TAAGAAGTTGCATTACCCTCAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 82 

MVPEVRVLSSLLGLALLWFPLDSHARARPDMFCLFHGKRYSPGESWHPYLEPQGLMYCLRCTCSE 
GAHVSCYRLHCPPVHCPQPVTEPQQCCPKCVEPHTPSGLRAPPKSCQHNGTMYQHGEIFSAHELF 
PSRLPNQCVLCSCTEGQIYCGLTTCPEPGCPAPLPLPDSCCQACKDEASEQSDEEDSVQSLHGVR 
HPQDPCSSDAGRKRGPGTPAPTGLSAPLSFIPRHFRPKGAGSTTVKIVLKEKHKKACVHGGKTYS 
HGEVWHPAFRAFGPLPCILCTCEDGRQDCQRVTCPTEYPCRHPEKVAGKCCKICPEDKADPGHSE 
ISSTRCPKAPGRVLVHTSVSPSPDNLRRFALEHEASDLVEIYLWKLVKDEETEAQRGEVPGPRPH 
SQNLPLDSDQESQEARLPERGTALPTARWPPRRSLERLPSPDPGAEGHGQSRQSDQDITKT 



Signal peptide: 

amino acids 1-25 
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FIGURE 83 

GACAGCTGTGTCTCGATGGAGTAGACTCTCAGAACAGCGCAGTTTGCCCTCCGCTCACGCAGAGC 
CTCTCCGTGGCTTCCGCACCTTGAGCATTAGGCCAGTTCTCCTCTTCTCTCTAATCCATCCGTCA 
CCTCTCCTGTCATCCGTTTCCATGCCGTGAGGTCCATTCACAGAACACATCCATGGCTCTCATGC 
TCAGTTTGGTTCTGAGTCTCCTCAAGCTGGGATCAGGGCAGTGGCAGGTGTTTGGGCCAGACAAG 
CCTGTCCAGGCCTTGGTGGGGGAGGACGCAGCATTCTCCTGTTTCCTGTCTCCTAAGACCAATGC 
AGAGGCCATGGAAGTGCGGTTCTTCAGGGGCCAGTTCTCTAGCGTGGTCCACCTCTACAGGGACG 
GGAAGGACCAGCCATTTATGCAGATGCCACAGTATCAAGGCAGGACAAAACTGGTGAAGGATTCT 
ATTGCGGAGGGGCGCATCTCTCTGAGGCTGGAAAACATTACTGTGTTGGATGCTGGCCTCTATGG 
GTGCAGGATTAGTTCCCAGTCTTACTACCAGAAGGCCATCTGGGAGCTACAGGTGTCAGCACTGG 
GCTCAGTTCCTCTCATTTCCATCACGGGATATGTTGATAGAGACATCCAGCTACTCTGTCAGTCC 
TCGGGCTGGTTCCCCCGGCCCACAGCGAAGTGGAAAGGTCCACAAGGACAGGATTTGTCCACAGA 
CTCCAGGACAAACAGAGACATGCATGGCCTGTTTGATGTGGAGATCTCTCTGACCGTCCAAGAGA 
ACGCCGGGAGCATATCCTGTTCCATGCGGCATGCTCATCTGAGCCGAGAGGTGGAATCCAGGGTA 
CAGATAGGAGATACCTTTTTCGAGCCTATATCGTGGCACCTGGCTACCAAAGTACTGGGAATACT 
CTGCTGTGGCCTATTTTTTGGCATTGTTGGACTGAAGATTTTCTTCTCCAAATTCCAGTGGAAAA 
TCCAGGCGGAACTGGACTGGAGAAGAAAGCACGGACAGGCAGAATTGAGAGACGCCCGGAAACAC 
GCAGTGGAGGTGACTCTGGATCCAGAGACGGCTCACCCGAAGCTCTGCGTTTCTGATCTGAAAAC 
TGTAACCCATAGAAAAGCTCCCCAGGAGGTGCCTCACTCTGAGAAGAGATTTACAAGGAAGAGTG 
TGGTGGCTTCTCAGAGTTTCCAAGCAGGGAAACATTACTGGGAGGTGGACGGAGGACACAATAAA 
AGGTGGCGCGTGGGAGTGTGCCGGGATGATGTGGACAGGAGGAAGGAGTACGTGACTTTGTCTCC 
CGATCATGGGTACTGGGTCCTCAGACTGAATGGAGAACATTTGTATTTCACATTAAATCCCCGTT 
TTATCAGCGTCTTCCCCAGGACCCCACCTACAAAAATAGGGGTCTTCCTGGACTATGAGTGTGGG 
ACCATCTCCTTCTTCAACATAAATGACCAGTCCCTTATTTATACCCTGACATGTCGGTTTGAAGG 
CTTATTGAGGCCCTACATTGAGTATCCGTCCTATAATGAGCAAAATGGAACTCCCATAGTCATCT 
GCCCAGTCACCCAGGAATCAGAGAAAGAGGCCTCTTGGCAAAGGGCCTCTGCAATCCCAGAGACA 
AGCAACAGTGAGTCCTCCTCACAGGCAACCACGCCCTTCCTCCCCAGGGGTGAAATGTAGGATGA 
ATCACATCCCACATTCTTCTTTAGGGATATTAAGGTCTCTCTCCCAGATCCAAAGTCCCGCAGCA 
GCCGGCCAAGGTGGCTTCCAGATGAAGGGGGACTGGCCTGTCCACATGGGAGTCAGGTGTCATGG 
CTGCCCTGAGCTGGGAGGGAAGAAGGCTGACATTACATTTAGTTTGCTCTCACTCCATCTGGCTA 
AGTGATCTTGAAATACCACCTCTCAGGTGAAGAACCGTCAGGAATTCCCATCTCACAGGCTGTGG 
TGTAGATTAAGTAGACAAGGAATGTGAATAATGCTTAGATCTTATTGATGACAGAGTGTATCCTA 
ATGGTTTGTTCATTATATTACACTTTCAGTAAAAAAA 
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FIGURE 84 

MALMLSLVLSLLKLGSGQWQVFGPDKPVQALVGEDAAFSCFLSPKTNAEAMEVRFFRGQFSSWH 
LYRDGKDQPFMQMPQYQGRTKLVKDSIAEGRISLRLENITVLDAGLYGCRISSQSYYQKAIWELQ 
VSALGSVPLISITGYVDRDIQLLCQSSGWFPRPTAKWKGPQGQDLSTDSRTNRDMHGLFDVEISL 
TVQENAGSISCSMRHAHLSREVESRVQIGDTFFEPISWHLATKVLGILCCGLFFGIVGLKIFFSK 
FQWKIQAELDWRRKHGQAELRDARKHAVEVTLDPETAHPKLCVSDLKTVTHRKAPQEVPHSEKRF 
TRKSVVASQSFQAGKHYWEVDGGHNKRWRVGVCRDDVDRRKEYVTLSPDHGYWVLRLNGEHLYFT 
LNPRFISVFPRTPPTKIGVFLDYECGTISFFNINDQSLIYTLTCRFEGLLRPYIEYPSYNEQNGT 
PIVICPVTQESEKEASWQRASAIPETSNSESSSQATTPFLPRGEM 

Signal peptide: 

amino acids 1-17 



Transmembrane domain: 

amino acids 239-255 



85/168 



FIGURE 85 

AACAGACGTTCCCTCGCGGCCCTGGCACCTCTAACCCCAGACATGCTGCTGCTGCTGCTGCCCCT 
GCTCTGGGGGAGGGAGAGGGCGGAAGGACAGACAAGTAAACTGCTGACGATGCAGAGTTCCGTGA 
CGGTGCAGGAAGGCCTGTGTGTCCATGTGCCCTGCTCCTTCTCCTACCCCTCGCATGGCTGGATT 
TACCCTGGCCCAGTAGTTCATGGCTACTGGTTCCGGGAAGGGGCCAATACAGACCAGGATGCTCC 
AGTGGCCACAAACAACCCAGCTCGGGCAGTGTGGGAGGAGACTCGGGACCGATTCCACCTCCTTG 
GGGACCCACATACCAAGAATTGCACCCTGAGCATCAGAGATGCCAGAAGAAGTGATGCGGGGAGA 
TACTTCTTTCGTATGGAGAAAGGAAGTATAAAATGGAATTATAAACATCACCGGCTCTCTGTGAA 
TGTGACAGCCTTGACCCACAGGCCCAACATCCTCATCCCAGGCACCCTGGAGTCCGGCTGCCCCC 
AGAATCTGACCTGCTCTGTGCCCTGGGCCTGTGAGCAGGGGACACCCCCTATGATCTCCTGGATA 
GGGACCTCCGTGTCCCCCCTGGACCCCTCCACCACCCGCTCCTCGGTGCTCACCCTCATCCCACA 
GCCCCAGGACCATGGCACCAGCCTCACCTGTCAGGTGACCTTCCCTGGGGCCAGCGTGACCACGA 
ACAAGACCGTCCATCTCAACGTGTCCTACCCGCCTCAGAACTTGACCATGACTGTCTTCCAAGGA 
GACGGCACAGTATCCACAGTCTTGGGAAATGGCTCATCTCTGTCACTCCCAGAGGGCCAGTCTCT 
GCGCCTGGTCTGTGCAGTTGATGCAGTTGACAGCAATCCCCCTGCCAGGCTGAGCCTGAGCTGGA 
GAGGCCTGACCCTGTGCCCCTCACAGCCCTCAAACCCGGGGGTGCTGGAGCTGCCTTGGGTGCAC 
CTGAGGGATGCAGCTGAATTCACCTGCAGAGCTCAGAACCCTCTCGGCTCTCAGCAGGTCTACCT 
GAACGTCTCCCTGCAGAGCAAAGCCACATCAGGAGTGACTCAGGGGGTGGTCGGGGGAGCTGGAG 
CCACAGCCCTGGTCTTCCTGTCCTTCTGCGTCATCTTCGTTGTAGTGAGGTCCTGCAGGAAGAAA 
TCGGCAAGGCCAGCAGCGGGCGTGGGAGATACGGGCATAGAGGATGCAAACGCTGTCAGGGGTTC 
AGCCTCTCAGGGGCCCCTGACTGAACCTTGGGCAGAAGACAGTCCCCCAGACCAGCCTCCCCCAG 
CTTCTGCCCGCTCCTCAGTGGGGGAAGGAGAGCTCCAGTATGCATCCCTCAGCTTCCAGATGGTG 
AAGCCTTGGGACTCGCGGGGACAGGAGGCCACTGACACCGAGTACTCGGAGATCAAGATCCACAG 
ATGAGAAACTGCAGAGACTCACCCTGATTGAGGGATCACAGCCCCTCCAGGCAAGGGAGAAGTCA 
GAGGCTGATTCTTGTAGAATTAACAGCCCTCAACGTGATGAGCTATGATAACACTATGAATTATG 
TGCAGAGTGAAAAGCACACAGGCTTTAGAGTCAAAGTATCTCAAACCTGAATCCACACTGTGCCC 
T C CC T T T T ATT T T T T T AAC T AAAAGAC AG AC AAAT T CCT A 
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FIGURE 86 

MLLLLLPLLWGRERAEGQTSKLLTMQSSVTVQEGLCVHVPCSFSYPSHGWIYPGPVVHGYWFREG 
ANTDQDAPVATNNPARAVWEETRDRFHLLGDPHTKNCTLSIRDARRSDAGRYFFRMEKGSIKWNY 
KHHRLSVNVTALTHRPNILIPGTLESGCPQNLTCSVPWACEQGTPPMISWIGTSVSPLDPSTTRS 
SVLTLIPQPQDHGTSLTCQVTFPGASVTTNKTVHLNVSYPPQNLTMTVFQGDGTVSTVLGNGSSL 
SLPEGQSLRLVCAVDAVDSNPPARLSLSWRGLTLCPSQPSNPGVLELPWVHLRDAAEFTCRAQNP 
LGSQQVYLNVSLQSKATSGVTQGVVGGAGATALVFLSFCVIFVVVRSCRKKSARPAAGVGDTGIE 
DANAVRGSASQGPLTEPWAEDSPPDQPPPASARSSVGEGELQYASLSFQMVKPWDSRGQEATDTE 
YSEIKIHR 

Signal peptide: 

amino acids 1-15 

Transmembrane domain: 

amino acids 351-370 
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FIGURE 87 

AGAAAGCTGCACTCTGTTGAGCTCCAGGGCGCAGTGGAGGGAGGGAGTGAAGGAGCTCTCTGTAC 
CCAAGGAAAGTGCAGCTGAGACTCAGACAAGATTACA ATGA ACCAACTCAGCTTCCTGCTGTTTC 
TCATAGCGACCACCAGAGGATGGAGTACAGATGAGGCTAATACTTACTTCAAGGAATGGACCTGT 
TCTTCGTCTCCATCTCTGCCCAGAAGCTGCAAGGAAATCAAAGACGAATGTCCTAGTGCATTTGA 
TGGCCTGTATTTTCTCCGCACTGAGAATGGTGTTATCTACCAGACCTTCTGTGACATGACCTCTG 
GGGGTGGCGGCTGGACCCTGGTGGCCAGCGTGCATGAGAATGACATGCGTGGGAAGTGCACGGTG 
GGCGATCGCTGGTCCAGTCAGCAGGGCAGCAAAGCAGACTACCCAGAGGGGGACGGCAACTGGGC 
CAACTACAACACCTTTGGATCTGCAGAGGCGGCCACGAGCGATGACTACAAGAACCCTGGCTACT 
ACGACATCCAGGCCAAGGACCTGGGCATCTGGCACGTGCCCAATAAGTCCCCCATGCAGCACTGG 
AGAAACAGCTCCCTGCTGAGGTACCGCACGGACACTGGCTTCCTCCAGACACTGGGACATAATCT 
GTTTGGCATCTACCAGAAATATCCAGTGAAATATGGAGAAGGAAAGTGTTGGACTGACAACGGCC 
CGGTGATCCCTGTGGTCTATGATTTTGGCGACGCCCAGAAAACAGCATCTTATTACTCACCCTAT 
GGCCAGCGGGAATTCACTGCGGGATTTGTTCAGTTCAGGGTATTTAATAACGAGAGAGCAGCCAA 
CGCCTTGTGTGCTGGAATGAGGGTCACCGGATGTAACACTGAGCATCACTGCATTGGTGGAGGAG 
GATACTTTCCAGAGGCCAGTCCCCAGCAGTGTGGAGATTTTTCTGGTTTTGATTGGAGTGGATAT 
GGAACTCATGTTGGTTACAGCAGCAGCCGTGAGATAACTGAGGCAGCTGTGCTTCTATTCTATCG 
TTGAGAGTTTTGTGGGAGGGAACCCAGACCTCTCCTCCCAACCATGAGATCCCAAGGATGGAGAA 
CAACTTACCCAGTAGCTAGAATGTTAATGGCAGAAGAGAAAACAATAAATCATATTGACTCAAGA 
AAAAAA 
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FIGURE 88 

MNQLSFLLFLIATTRGWSTDEANTYFKEWTCSSSPSLPRSCKEIKDECPSAFDGLYFLRTENGVI 
YQTFCDMTSGGGGWTLVASVHENDMRGKCTVGDRWSSQQGSKADYPEGDGNWANYNTFGSAEAAT 
SDDYKNPGYYDIQAKDLGIWHVPNKSPMQHWRNSSLLRYRTDTGFLQTLGHNLFGIYQKYPVKYG 
EGKCWTDNGPVIPVVYDFGDAQKTASYYSPYGQREFTAGFVQFRVFNNERAANALCAGMRVTGCN 
TEHHCIGGGGYFPEASPQQCGDFSGFDWSGYGTHVGYSSSREITEAAVLLFYR 

Important features : 
Signal peptide: 

amino acids 1-16 

N-glycosylation site. 

amino acids 163-167 

Glycosaminoglycan attachment sites. 

amino acids 74-78, 289-293 

N-myristoylation sites . 

amino acids 76-82, 115-121, 124-130, 253-259, 292-298 
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FIGURE 89 

CTAGATTTGTCGGCTTGCGGGGAGACTTCAGGAGTCGCTGTCTCTGAACTTCCAGCCTCAGAGAC 
CGCCGCCCTTGTCCCCGAGGGCCATGGGCCGGGTCTCAGGGCTTGTGCCCTCTCGCTTCCTGACG 
CTCCTGGCGCATCTGGTGGTCGTCATCACCTTATTCTGGTCCCGGGACAGCAACATACAGGCCTG 
CCTGCCTCTCACGTTCACCCCCGAGGAGTATGACAAGCAGGACATTCAGCTGGTGGCCGCGCTCT 
CTGTCACCCTGGGCCTCTTTGCAGTGGAGCTGGCCGGTTTCCTCTCAGGAGTCTCCATGTTCAAC 
AGCACCCAGAGCCTCATCTCCATTGGGGCTCACTGTAGTGCATCCGTGGCCCTGTCCTTCTTCAT 
ATTCGAGCGTTGGGAGTGCACTACGTATTGGTACATTTTTGTCTTCTGCAGTGCCCTTCCAGCTG 
TCACTGAAATGGCTTTATTCGTCACCGTCTTTGGGCTGAAAAAGAAACCCTTCTGATTACCTTCA 
TGACGGGAACCTAAGGACGAAGCCTACAGGGGCAAGGGCCGCTTCGTATTCCTGGAAGAAGGAAG 
GCATAGGCTTCGGTTTTCCCCTCGGAAACTGCTTCTGCTGGAGGATATGTGTTGGAATAATTACG 
TCTTGAGTCTGGGATTATCCGCATTGTATTTAGTGCTTTGTAATAAAATATGTTTTGTAGTAACA 
TTAAGACTTATATACAGTTTTAGGGGACAATTAAAAAAAAAAAA 
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FIGURE 90 

MGRVSGLVPSRFLTLLAHLVWITLFWSRDSNIQACLPLTFTPEEYDKQDIQLVAALSVTLGLFA 
VELAGFLSGVSMFNSTQSLISIGAHCSASVALSFFIFERWECTTYWYIFVFCSALPAVTEMALFV 
TVFGLKKKPF 

Transmembrane domain: 

amino acids 12-28 (type II), 51-66, 107-124 
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FIGURE 91 

CTGGGACCCCGAAAAGAGAAGGGGAGAGCGAGGGGACGAGAGCGGAGGAGGAAG ATG CAACTGAC 
TCGCTGCTGCTTCGTGTTCCTGGTGCAGGGTAGCCTCTATCTGGTCATCTGTGGCCAGGATGATG 
GTCCTCCCGGCTCAGAGGACCCTGAGCGTGATGACCACGAGGGCCAGCCCCGGCCCCGGGTGCCT 
CGGAAGCGGGGCCACATCTCACCTAAGTCCCGCCCCATGGCCAATTCCACTCTCCTAGGGCTGCT 
GGCCCCGCCTGGGGAGGCTTGGGGCATTCTTGGGCAGCCCCCCAACCGCCCGAACCACAGCCCCC 
CACCCTCAGCCAAGGTGAAGAAAATCTTTGGCTGGGGCGACTTCTACTCCAACATCAAGACGGTG 
GCCCTGAACCTGCTCGTCACAGGGAAGATTGTGGACCATGGCAATGGGACCTTCAGCGTCCACTT 
CCAACACAATGCCACAGGCCAGGGAAACATCTCCATCAGCCTCGTGCCCCCCAGTAAAGCTGTAG 
AGTTCCACCAGGAACAGCAGATCTTCATCGAAGCCAAGGCCTCCAAAATCTTCAACTGCCGGATG 
GAGTGGGAGAAGGTAGAACGGGGCCGCCGGACCTCGCTTTGCACCCACGACCCAGCCAAGATCTG 
CTCCCGAGACCACGCTCAGAGCTCAGCCACCTGGAGCTGCTCCCAGCCCTTCAAAGTCGTCTGTG 
TCTACATCGCCTTCTACAGCACGGACTATCGGCTGGTCCAGAAGGTGTGCCCAGATTACAACTAC 
CATAGTGATACCCCCTACTACCCATCTGGGTGACCCGGGGCAGGCCACAGAGGCCAGGCCAGGGC 
TGGAAGGACAGGCCTGCCCATGCAGGAGACCATCTGGACACCGGGCAGGGAAGGGGTTGGGCCTC 
AGGCAGGGAGGGGGGTGGAGACGAGGAGATGCCAAGTGGGGCCAGGGCCAAGTCTCAAGTGGCAG 
AGAAAGGGTCCCAAGTGCTGGTCCCAACCTGAAGCTGTGGAGTGACTAGATCACAGGAGCACTGG 
AGGAGGAGTGGGCTCTCTGTGCAGCCTCACAGGGCTTTGCCACGGAGCCACAGAGAGATGCTGGG 
TCCCCGAGGCCTGTGGGCAGGCCGATCAGTGTGGCCCCAGATCAAGTCATGGGAGGAAGCTAAGC 
CCTTGGTTCTTGCCATCCTGAGGAAAGATAGCAACAGGGAGGGGGAGATTTCATCAGTGTGGACA 
GCCTGTCAACTTAGGATGGATGGCTGAGAGGGCTTCCTAGGAGCCAGTCAGCAGGGTGGGGTGGG 
GCCAGAGGAGCTCTCCAGCCCTGCCTAGTGGGCGCCCTGAGCCCCTTGTCGTGTGCTGAGCATGG 
CATGAGGCTGAAGTGGCAACCCTGGGGTCTTTGATGTCTTGACAGATTGACCATCTGTCTCCAGC 
CAGGCCACCCCTTTCCAAAATTCCCTCTTCTGCCAGTACTCCCCCTGTACCACCCATTGCTGATG 
GCACACCCATCCTT7^AGCTAAGACAGGACGATTGTGGTCCTCCCACACTAAGGCCACAGCCCATC 
CGCGTGCTGTGTGTCCCTCTTCCACCCCAACCCCTGCTGGCTCCTCTGGGAGCATCCATGTCCCG 
GAGAGGGGTCCCTCAACAGTCAGCCTCACCTGTCAGACCGGGGTTCTCCCGGATCTGGATGGCGC 
CGCCCTCTCAGCAGCGGGCACGGGTGGGGCGGGGCCGGGCCGCAGAGCATGTGCTGGATCTGTTC 
TGTGTGTCTGTCTGTGGGTGGGGGGAGGGGAGGGAAGTCTTGTGAAACCGCTGATTGCTGACTTT 
TGTGTGAAGAATCGTGTTCTTGGAGCAGGAAATAAAGCTTGCCCCGGGGCA 
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FIGURE 92 

MQLTRCCFVFLVQGSLYLVICGQDDGPPGSEDPERDDHEGQPRPRVPRKRGHISPKSRPMANSTL 
LGLLAPPGEAWGILGQPPNRPNHSPPPSAKVKKIFGWGDFYSNIKTVALNLLVTGKIVDHGNGTF 
SVHFQHNATGQGNISISLVPPSKAVEFHQEQQIFIEAKASKIFNCRMEWEKVERGRRTSLCTHDP 
AKICSRDHAQSSATWSCSQPFKVVCVYIAFYSTDYRLVQKVCPDYNYHSDTPYYPSG 

Important features of the protein: 
Signal peptide: 

amino acids 1-14 

N-glycosylation sites. 

amino acids 62-65, 127-130, 137-140, 143-146 

2-oxo acid dehydrogenases acyl transferase 

amino acids 61-71 
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FIGURE 93 

CGGTGGCC ATGA CTGCGGCCGTGTTCTTCGGCTGCGCCTTCATTGCCTTCGGGCCTGCGCTCGCC 
CTTTATGTCTTCACCATCGCCATCGAGCCGTTGCGTATCATCTTCCTCATCGCCGGAGCTTTCTT 
CTGGTTGGTGTCTCTACTGATTTCGTCCCTTGTTTGGTTCATGGCAAGAGTCATTATTGACAACA 
AAGATGGACCAACACAGAAATATCTGCTGATCTTTGGAGCGTTTGTCTCTGTCTATATCCAAGAA 
ATGTTCCGATTTGCATATTATAAACTCTTAAAAAAAGCCAGTGAAGGTTTGAAGAGTATAAACCC 
AGGTGAGACAGCACCCTCTATGCGACTGCTGGCCTATGTTTCTGGCTTGGGCTTTGGAATCATGA 
GTGGAGTATTTTCCTTTGTGAATACCCTATCTGACTCCTTGGGGCCAGGCACAGTGGGCATTCAT 
GGAGATTCTCCTCAATTCTTCCTTTATTCAGCTTTCATGACGCTGGTCATTATCTTGCTGCATGT 
ATTCTGGGGCATTGTATTTTTTGATGGCTGTGAGAAGAAAAAGTGGGGCATCCTCCTTATCGTTC 
TCCTGACCCACCTGCTGGTGTCAGCCCAGACCTTCATAAGTTCTTATTATGGAATAAACCTGGCG 
TCAGCATTTATAATCCTGGTGCTCATGGGCACCTGGGCATTCTTAGCTGCGGGAGGCAGCTGCCG 
AAGCCTGAAACTCTGCCTGCTCTGCCAAGACAAGAACTTTCTTCTTTACAACCAGCGCTCCAGAT 
AACCTCAGGGAACCAGCACTTCCCAAACCGCAGACTACATCTTTAGAGGAAGCACAACTGTGCCT 
TTTTCTGAAAATCCCTTTTTCTGGTGGAATTGAGAAAGAAATAAAACTATGCAGATA 
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FIGURE 94 

MTAAVFFGCAFIAFGPALALYVFT IAIEPLRI I FLIAGAFFWLVSLLI SSLVWFMARVI I DNKDG 
PTQKYLLIFGAFVSVYIQEMFRFAYYKLLKKASEGLKSINPGETAPSMRLLAYVSGLGFGIMSGV 
FSFVNTLSDSLGPGTVGIHGDSPQFFLYSAFMTLVIILLHVFWGIVFFDGCEKKKWGILLIVLLT 
HLLVSAQTFISSYYGINLASAFIILVLMGTWAFLAAGGSCRSLKLCLLCQDKNFLLYNQRSR 

Important features of the protein: 
Signal peptide: 

amino acids 1-19 

Transmembrane domains: 

amino acids 32-51, 119-138, 152-169, 216-235 

Glycosaminoglycan attachment site. 

amino acids 120-123 

Sodium: neurotransmitter symporter family protein 

amino acids 31-65 
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FIGURE 95 

AATTTTTCACCAGAGTAAACTTGAGAAACCAACTGGACCTTGAGTATTGTACATTTTGCCTCGTG 
GACCCAAAGGTAGCAATCTGAAAC ATGA GGAGTACGATTCTACTGTTTTGTCTTCTAGGATCAAC 
TCGGTCATTACCACAGCTCAAACCTGCTTTGGGACTCCCTCCCACAAAACTGGCTCCGGATCAGG 
GAACACTACCAAACCAACAGCAGTCAAATCAGGTCTTTCCTTCTTTAAGTCTGATACCATTAACA 
CAGATGCTCACACTGGGGCCAGATCTGCATCTGTTAAATCCTGCTGCAGGAATGACACCTGGTAC 
CCAGACCCACCCATTGACCCTGGGAGGGTTGAATGTACAACAGCAACTGCACCCACATGTGTTAC 
CAATTTTTGTCACACAACTTGGAGCCCAGGGCACTATCCTAAGCTCAGAGGAATTGCCACAAATC 
TTCACGAGCCTCATCATCCATTCCTTGTTCCCGGGAGGCATCCTGCCCACCAGTCAGGCAGGGGC 
TAATCCAGATGTCCAGGATGGAAGCCTTCCAGCAGGAGGAGCAGGTGTAAATCCTGCCACCCAGG 
GAACCCCAGCAGGCCGCCTCCCAACTCCCAGTGGCACAGATGACGACTTTGCAGTGACCACCCCT 
GCAGGCATCCAAAGGAGCACACATGCCATCGAGGAAGCCACCACAGAATCAGCAAATGGAATTCA 
GTAAGCTGTTTCAAATTTTTTCAACTAAGCTGCCTCGAATTTGGTGATACATGTGAATCTTTATC 
ATT GAT TAT AT T ATGG AAT AG AT T G AGAC AC AT T GG AT AGT CT T AG AAGAAAT T AAT T C T T AAT T 
TACCTGAAAATATTCTTGAAATTTCAGAAAATATGTTCTATGTAGAGAATCCCAACTTTTAAAAA 
CAATAATTCAATGGATAAATCTGTCTTTGAAATATAACATTATGCTGCCTGGATGATATGCATAT 
TAAAACATATTTGGAAAACTGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 96 

MRSTILLFCLLGSTRSLPQLKPALGLPPTKLAPDQGTLPNQQQSNQVFPSLSLIPLTQM 
LTLGPDLHLLNPAAGMTPGTQTHPLTLGGLNVQQQLHPHVLPIFVTQLGAQGTILSSEE 
LPQIFTSLIIHSLFPGGILPTSQAGANPDVQDGSLPAGGAGVNPATQGTPAGRLPTPSG 
TDDDFAVTTPAGIQRSTHAIEEATTESANGIQ 

Signal peptide: 

amino acids 1-16 
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FIGURE 97 

GCTCAAGTGCCCTGCCTTGCCCCACCCAGCCCAGCCTGGCCAGAGCCCCCTGGAGAAGGAGCTCT 
CTTCTTGCTTGGCAGCTGGACCAAGGGAGCCAGTCTTGGGCGCTGGAGGGCCTGTCCTGACC ATG 
GTCCCTGCCTGGCTGTGGCTGCTTTGTGTCTCCGTCCCCCAGGCTCTCCCCAAGGCCCAGCCTGC 
AGAGCTGTCTGTGGAAGTTCCAGAAAACTATGGTGGAAATTTCCCTTTATACCTGACCAAGTTGC 
CGCTGCCCCGTGAGGGGGCTGAAGGCCAGATCGTGCTGTCAGGGGACTCAGGCAAGGCAACTGAG 
GGCCCATTTGCTATGGATCCAGATTCTGGCTTCCTGCTGGTGACCAGGGCCCTGGACCGAGAGGA 
GCAGGCAGAGTACCAGCTACAGGTCACCCTGGAGATGCAGGATGGACATGTCTTGTGGGGTCCAC 
AGCCTGTGCTTGTGCACGTGAAGGATGAGAATGACCAGGTGCCCCATTTCTCTCAAGCCATCTAC 
AGAGCTCGGCTGAGCCGGGGTACCAGGCCTGGCATCCCCTTCCTCTTCCTTGAGGCTTCAGACCG 
GGATGAGCCAGGCACAGCCAACTCGGATCTTCGATTCCACATCCTGAGCCAGGCTCCAGCCCAGC 
CTTCCCCAGACATGTTCCAGCTGGAGCCTCGGCTGGGGGCTCTGGCCCTCAGCCCCAAGGGGAGC 
ACCAGCCTTGACCACGCCCTGGAGAGGACCTACCAGCTGTTGGTACAGGTCAAGGACATGGGTGA 
CCAGGCCTCAGGCCACCAGGCCACTGCCACCGTGGAAGTCTCCATCATAGAGAGCACCTGGGTGT 
CCCTAGAGCCTATCCACCTGGCAGAGAATCTCAAAGTCCTATACCCGCACCACATGGCCCAGGTA 
CACTGGAGTGGGGGTGATGTGCACTATCACCTGGAGAGCCATCCCCCGGGACCCTTTGAAGTGAA 
TGCAGAGGGAAACCTCTACGTGACCAGAGAGCTGGACAGAGAAGCCCAGGCTGAGTACCTGCTCC 
AGGTGCGGGCTCAGAATTCCCATGGCGAGGACTATGCGGCCCCTCTGGAGCTGCACGTGCTGGTG 
ATGGATGAGAATGACAACGTGCCTATCTGCCCTCCCCGTGACCCCACAGTCAGCATCCCTGAGCT 
CAGTCCACCAGGTACTGAAGTGACTAGACTGTCAGCAGAGGATGCAGATGCCCCCGGCTCCCCCA 
ATTCCCACGTTGTGTATCAGCTCCTGAGCCCTGAGCCTGAGGATGGGGTAGAGGGGAGAGCCTTC 
CAGGTGGACCCCACTTCAGGCAGTGTGACGCTGGGGGTGCTCCCACTCCGAGCAGGCCAGAACAT 
CCTGCTTCTGGTGCTGGCCATGGACCTGGCAGGCGCAGAGGGTGGCTTCAGCAGCACGTGTGAAG 
TCGAAGTCGCAGTCACAGATATCAATGATCACGCCCCTGAGTTCATCACTTCCCAGATTGGGCCT 
ATAAGCCTCCCTGAGGATGTGGAGCCCGGGACTCTGGTGGCCATGCTAACAGCCATTGATGCTGA 
CCTCGAGCCCGCCTTCCGCCTCATGGATTTTGCCATTGAGAGGGGAGACACAGAAGGGACTTTTG 
GCCTGGATTGGGAGCCAGACTCTGGGCATGTTAGACTCAGACTCTGCAAGAACCTCAGTTATGAG 
GCAGCTCCAAGTCATGAGGTGGTGGTGGTGGTGCAGAGTGTGGCGAAGCTGGTGGGGCCAGGCCC 
AGGCCCTGGAGCCACCGCCACGGTGACTGTGCTAGTGGAGAGAGTGATGCCACCCCCCAAGTTGG 
ACCAGGAGAGCTACGAGGCCAGTGTCCCCATCAGTGCCCCAGCCGGCTCTTTCCTGCTGACCATC 
CAGCCCTCCGACCCCATCAGCCGAACCCTCAGGTTCTCCCTAGTCAATGACTCAGAGGGCTGGCT 
CTGCATTGAGAAATTCTCCGGGGAGGTGCACACCGCCCAGTCCCTGCAGGGCGCCCAGCCTGGGG 
ACACCTACACGGTGCTTGTGGAGGCCCAGGATACAGCCCTGACTCTTGCCCCTGTGCCCTCCCAA 
TACCTCTGCACACCCCGCCAAGACCATGGCTTGATCGTGAGTGGACCCAGCAAGGACCCCGATCT 
GGCCAGTGGGCACGGTCCCTACAGCTTCACCCTTGGTCCCAACCCCACGGTGCAACGGGATTGGC 
GCCTCCAGACTCTCAATGGTTCCCATGCCTACCTCACCTTGGCCCTGCATTGGGTGGAGCCACGT 
GAACACATAATCCCCGTGGTGGTCAGCCACAATGCCCAGATGTGGCAGCTCCTGGTTCGAGTGAT 
CGTGTGTCGCTGCAACGTGGAGGGGCAGTGCATGCGCAAGGTGGGCCGCATGAAGGGCATGCCCA 
CGAAGCTGTCGGCAGTGGGCATCCTTGTAGGCACCCTGGTAGCAATAGGAATCTTCCTCATCCTC 
ATTTTCACCCACTGGACCATGTCAAGGAAGAAGGACCCGGATCAACCAGCAGACAGCGTGCCCCT 
GAAGGCGACTGTC TGA ATGGCCCAGGCAGCTCTAGCTGGGAGCTTGGCCTCTGGCTCCATCTGAG 
TCCCCTGGGAGAGAGCCCAGCACCCAAGATCCAGCAGGGGACAGGACAGAGTAGAAGCCCCTCCA 
TCTGCCCTGGGGTGGAGGCACCATCACCATCACCAGGCATGTCTGCAGAGCCTGGACACCAACTT 
TATGGACTGCCCATGGGAGTGCTCCAAATGTCAGGGTGTTTGCCCAATAATAAAGCCCCAGAGAA 
CTGGGCTGGGCCCTATGGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAG 
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FIGURE 98 

MVPAWLWLLCVSVPQALPKAQPAELSVEVPENYGGNFPLYLTKLPLPREGAEGQIVLSGDSGKAT 
EGPFAMDPDSGFLLVTRALDREEQAEYQLQVTLEMQDGHVLWGPQPVLVHVKDENDQVPHFSQAI 
YRARLSRGTRPGIPFLFLEASDRDEPGTANSDLRFHILSQAPAQPSPDMFQLEPRLGALALSPKG 
STSLDHALERTYQLLVQVKDMGDQASGHQATATVEVSIIESTWVSLEPIHLAENLKVLYPHHMAQ 
VHWSGGDVHYHLESHPPGPFEVNAEGNLYVTRELDREAQAEYLLQVRAQNSHGEDYAAPLELHVL 
VMDENDNVPICPPRDPTVSIPELSPPGTEVTRLSAEDADAPGSPNSHVVYQLLSPEPEDGVEGRA 
FQVDPTSGSVTLGVLPLRAGQNILLLVLAMDLAGAEGGFSSTCEVEVAVTDINDHAPEFITSQIG 
PISLPEDVEPGTLVAMLTAIDADLEPAFRLMDFAIERGDTEGTFGLDWEPDSGHVRLRLCKNLSY 
EAAPSHEWVVVQSVAKLVGPGPGPGATATVTVLVERVMPPPKLDQESYEASVPISAPAGSFLLT 
IQPSDPISRTLRFSLVNDSEGWLCIEKFSGEVHTAQSLQGAQPGDTYTVLVEAQDTALTLAPVPS 
QYLCTPRQDHGLIVSGPSKDPDLASGHGPYSFTLGPNPTVQRDWRLQTLNGSHAYLTLALHWVEP 
REH I I PVWS HN AQMWQLLVRV I VC RCN VEGQCMRKVGRMKGM PTKL S AVG I LVGTLVA I G I FL I 
LI FTHWTMSRKKDPDQPADSVPLKATV 

Signal peptide: 

amino acids 1-18 

Transmembrane domain: 

amino acids 762-784 
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FIGURE 99 

GGCTGACCGTGCTACATTGCCTGGAGGAAGCCTAAGGAACCCAGGCATCCAGCTGCCCACGCCTG 
AGTCCAAGATTCTTCCCAGGAACACAAACGTAGGAGACCCACGCTCCTGGAAGCACCAGCCTTTA 
TCTCTTCACCTTCAAGTCCCCTTTCTCAAGAATCCTCTGTTCTTTGCCCTCTAAAGTCTTGGTAC 
ATCTAGGACCCAGGCATCTTGCTTTCCAGCCACAAAGAGACAG ATGA AGATGCAGAAAGGAAATG 
TTCTCCTTATGTTTGGTCTACTATTGCATTTAGAAGCTGCAACAAATTCCAATGAGACTAGCACC 
TCTGCCAACACTGGATCCAGTGTGATCTCCAGTGGAGCCAGCACAGCCACCAACTCTGGGTCCAG 
TGTGACCTCCAGTGGGGTCAGCACAGCCACCATCTCAGGGTCCAGCGTGACCTCCAATGGGGTCA 
GCATAGTCACCAACTCTGAGTTCCATACAACCTCCAGTGGGATCAGCACAGCCACCAACTCTGAG 
TTCAGCACAGCGTCCAGTGGGATCAGCATAGCCACCAACTCTGAGTCCAGCACAACCTCCAGTGG 
GGCCAGCACAGCCACCAACTCTGAGTCCAGCACACCCTCCAGTGGGGCCAGCACAGTCACCAACT 
CTGGGTCCAGTGTGACCTCCAGTGGAGCCAGCACTGCCACCAACTCTGAGTCCAGCACAGTGTCC 
AGTAGGGCCAGCACTGCCACCAACTCTGAGTCTAGCACACTCTCCAGTGGGGCCAGCACAGCCAC 
CAACTCTGACTCCAGCACAACCTCCAGTGGGGCTAGCACAGCCACCAACTCTGAGTCCAGCACAA 
CCTCCAGTGGGGCCAGCACAGCCACCAACTCTGAGTCCAGCACAGTGTCCAGTAGGGCCAGCACT 
GCCACCAACTCTGAGTCCAGCACAACCTCCAGTGGGGCCAGCACAGCCACCAACTCTGAGTCCAG 
AACGACCTCCAATGGGGCTGGCACAGCCACCAACTCTGAGTCCAGCACGACCTCCAGTGGGGCCA 
GCACAGCCACCAACTCTGACTCCAGCACAGTGTCCAGTGGGGCCAGCACTGCCACCAACTCTGAG 
TCCAGCACGACCTCCAGTGGGGCCAGCACAGCCACCAACTCTGAGTCCAGCACGACCTCCAGTGG 
GGCTAGCACAGCCACCAACTCTGACTCCAGCACAACCTCCAGTGGGGCCGGCACAGCCACCAACT 
CTGAGTCCAGCACAGTGTCCAGTGGGATCAGCACAGTCACCAATTCTGAGTCCAGCACACCCTCC 
AGTGGGGCCAACACAGCCACCAACTCTGAGTCCAGTACGACCTCCAGTGGGGCCAACACAGCCAC 
CAACTCTGAGTCCAGCACAGTGTCCAGTGGGGCCAGCACTGCCACCAACTCTGAGTCCAGCACAA 
CCTCCAGTGGGGTCAGCACAGCCACCAACTCTGAGTCCAGCACAACCTCCAGTGGGGCTAGCACA 
GCCACCAACTCTGACTCCAGCACAACCTCCAGTGAGGCCAGCACAGCCACCAACTCTGAGTCTAG 
CACAGTGTCCAGTGGGATCAGCACAGTCACCAATTCTGAGTCCAGCACAACCTCCAGTGGGGCCA 
ACACAGCCACCAACTCTGGGTCCAGTGTGACCTCTGCAGGCTCTGGAACAGCAGCTCTGACTGGA 
ATGCACACAACTTCCCATAGTGCATCTACTGCAGTGAGTGAGGCAAAGCCTGGTGGGTCCCTGGT 
GCCGTGGGAAATCTTCCTCATCACCCTGGTCTCGGTTGTGGCGGCCGTGGGGCTCTTTGCTGGGC 
TCTTCTTCTGTGTGAGAAACAGCCTGTCCCTGAGAAACACCTTTAACACAGCTGTCTACCACCCT 
CATGGCCTCAACCATGGCCTTGGTCCAGGCCCTGGAGGGAATCATGGAGCCCCCCACAGGCCCAG 
GTGGAGTCCTAACTGGTTCTGGAGGAGACCAGTATCATCGATAGCCATGGAGATGAGCGGGAGGA 
ACAGCGGGCCCTGAGCAGCCCCGGAAGCAAGTGCCGCATTCTTCAGGAAGGAAGAGACCTGGGCA 
CCCAAGACCTGGTTTCCTTTCATTCATCCCAGGAGACCCCTCCCAGCTTTGTTTGAGATCCTGAA 
AATCTTGAAGAAGGTATTCCTCACCTTTCTTGCCTTTACCAGACACTGGAAAGAGAATACTATAT 
TGCTCATTTAGCTAAGAAATAAATACATCTCATCTAACACACACGACAAAGAGAAGCTGTGCTTG 
CCCCGGGGTGGGTATCTAGCTCTGAGATGAACTCAGTTATAGGAGAAAACCTCCATGCTGGACTC 
CATCTGGCATTCAAAATCTCCACAGTAAAATCCAAAGACCTCAAAAAAAi\AAAAAAAAAAAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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FIGURE 100 

MKMQKGNVLLMFGLLLHLEAATNSNETSTSANTGSSVISSGASTATNSGSSVTSSGVSTATISGS 
SVTSNGVSIVTNSEFHTTSSGISTATNSEFSTASSGISIATNSESSTTSSGASTATNSESSTPSS 
GASTVTNSGSSVTSSGASTATNSESSTVSSRASTATNSESSTLSSGASTATNSDSSTTSSGASTA 
TNSESSTTSSGASTATNSESSTVSSRASTATNSESSTTSSGASTATNSESRTTSNGAGTATNSES 
STTSSGASTATNSDSSTVSSGASTATNSESSTTSSGASTATNSESSTTSSGASTATNSDSSTTSS 
GAGTATNSESSTVSSGISTVTNSESSTPSSGANTATNSESSTTSSGANTATNSESSTVSSGASTA 
TNSESSTTSSGVSTATNSESSTTSSGASTATNSDSSTTSSEASTATNSESSTVSSGISTVTNSES 
STTSSGANTATNSGSSVTSAGSGTAALTGMHTTSHSASTAVSEAKPGGSLVPWEIFLITLVSVVA 
AVGLFAGLFFCVRNSLSLRNTFNTAVYHPHGLNHGLGPGPGGNHGAPHRPRWSPNWFWRRPVSSI 
AMEMSGRNSGP 

Signal peptide: 

amino acids 1-20 

Transmembrane domain: 

amino acids 510-532 
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FIGURE 101 

GGCCGGACGCCTCCGCGTTACGGGATGAATTAACGGCGGGTTCCGCACGGAGGTTGTGACCCCTA 
CGGAGCCCCAGCTTGCCCACGCACCCCACTCGGCGTCGCGCGGCGTGCCCTGCTTGTCACAGGTG 
GGAGGCTGGAACTATCAGGCTGAAAAACAGAGTGGGTACTCTCTTCTGGGAAGCTGGCAACAAAT 
GGATGATGTGATATATGCATTCCAGGGGAAGGGAAATTGTGGTGCTTCTGAACCCATGGTCAATT 
AACGAGGCAGTTTCTAGCTACTGCACGTACTTCATAAAGCAGGACTCTAAAAGCTTTGGAATCAT 
GGTGTCATGGAAAGGGATTTACTTTATACTGACTCTGTTTTGGGGAAGCTTTTTTGGAAGCATTT 
TCATGCTGAGTCCCTTTTTACCTTTGATGTTTGTAAACCCATCTTGGTATCGCTGGATCAACAAC 
CGCCTTGTGGCAACATGGCTCACCCTACCTGTGGCATTATTGGAGACCATGTTTGGTGTAAAAGT 
GATTATAACTGGGGATGCATTTGTTCCTGGAGAAAGAAGTGTCATTATCATGAACCATCGGACAA 
GAATGGACTGGATGTTCCTGTGGAATTGCCTGATGCGATATAGCTACCTCAGATTGGAGAAAATT 
TGCCTCAAAGCGAGTCTCAAAGGTGTTCCTGGATTTGGTTGGGCCATGCAGGCTGCTGCCTATAT 
CTTCATTCATAGGAAATGGAAGGATGACAAGAGCCATTTCGAAGACATGATTGATTACTTTTGTG 
ATATTCACGAACCACTTCAACTCCTCATATTCCCAGAAGGGACTGATCTCACAGAAAACAGCAAG 
TCTCGAAGTAATGCATTTGCTGAAAAAAATGGACTTCAGAAATATGAATATGTTTTACATCCAAG 
AACTACAGGCTTTACTTTTGTGGTAGACCGTCTAAGAGAAGGTAAGAACCTTGATGCTGTCCATG 
ATATCACTGTGGCGTATCCTCACAACATTCCTCAATCAGAGAAGCACCTCCTCCAAGGAGACTTT 
CCCAGGGAAATCCACTTTCACGTCCACCGGTATCCAATAGACACCCTCCCCACATCCAAGGAGGA 
CCTTCAACTCTGGTGCCACAAACGGTGGGAAGAGAAAGAAGAGAGGCTGCGTTCCTTCTATCAAG 
GGGAGAAGAATTTTTATTTTACCGGACAGAGTGTCATTCCACCTTGCAAGTCTGAACTCAGGGTC 
CTTGTGGTCAAATTGCTCTCTATACTGTATTGGACCCTGTTCAGCCCTGCAATGTGCCTACTCAT 
ATATTTGTACAGTCTTGTTAAGTGGTATTTTATAATCACCATTGTAATCTTTGTGCTGCAAGAGA 
GAATATTTGGTGGACTGGAGATCATAGAACTTGCATGTTACCGACTTTTACACAAACAGCCACAT 
TTAAATTCAAAGAAAAATGAGTAAGATTATAAGGTTTGCCATGTGAAAACCTAGAGCATATTTTG 
GAAATGTTCTAAACCTTTCTAAGCTCAGATGCATTTTTGCATGACTATGTCGAATATTTCTTACT 
GCCATCATTATTTGTTAAAGATATTTTGCACTTAATTTTGTGGGAAAAATATTGCTACAATTTTT 
TTTAATCTCTGAATGTAATTTCGATACTGTGTACATAGCAGGGAGTGATCGGGGTGAAATAACTT 
GGGCCAGAATATTATTAAACAATCATCAGGCTTTTAAA 
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FIGURE 102 

MHSRGREIVVLLNPWSINEAVSSYCTYFIKQDSKSFGIMVSWKGIYFILTLFWGSFFGSIFMLSP 
FLPLMFVNPSWYRWINNRLVATWLTLPVALLETMFGVKVIITGDAFVPGERSVIIMNHRTRMDWM 
FLWNCLMRYSYLRLEKICLKASLKGVPGFGWAMQAAAYIFIHRKWKDDKSHFEDMIDYFCDIHEP 
LQLLIFPEGTDLTENSKSRSNAFAEKNGLQKYEYVLHPRTTGFT FWDRLREGKNLDAVHDITVA 
YPHNIPQSEKHLLQGDFPREIHFHVHRYPIDTLPTSKEDLQLWCHKRWEEKEERLRSFYQGEKNF 
YFTGQSVIPPCKSELRVLVVKLLSILYWTLFSPAMCLLIYLYSLVKWYFIITIVIFVLQERIFGG 
LEIIELACYRLLHKQPHLNSKKNE 

Important features of the protein: 
Signal peptide: 

amino acids 1-22 

Transmembrane domains : 

amino acids 44-63, 90-108, 354-377 
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FIGURE 103 

CGGCTCGAGCGGCTCGAGTGAAGAGCCTCTCCACGGCTCCTGCGCCTGAGACAGCTGGCCTGACC 
TCCAAATCATCCATCCACCCCTGCTGTCATCTGTTTTCATAGTGTGAGATCAACCCACAGGAATA 
TCC ATG GCTTTTGTGCTCATTTTGGTTCTCAGTTTCTACGAGCTGGTGTCAGGACAGTGGCAAGT 
CACTGGACCGGGCAAGTTTGTCCAGGCCTTGGTGGGGGAGGACGCCGTGTTCTCCTGCTCCCTCT 
TTCCTGAGACCAGTGCAGAGGCTATGGAAGTGCGGTTCTTCAGGAATCAGTTCCATGCTGTGGTC 
CACCTCTACAGAGATGGGGAAGACTGGGAATCTAAGCAGATGCCACAGTATCGAGGGAGAACTGA 
GTTTGTGAAGGACTCCATTGCAGGGGGGCGTGTCTCTCTAAGGCTAAAAAACATCACTCCCTCGG 
ACATCGGCCTGTATGGGTGCTGGTTCAGTTCCCAGATTTACGATGAGGAGGCCACCTGGGAGCTG 
CGGGTGGCAGCACTGGGCTCACTTCCTCTCATTTCCATCGTGGGATATGTTGACGGAGGTATCCA 
GTTACTCTGCCTGTCCTCAGGCTGGTTCCCCCAGCCCACAGCCAAGTGGAAAGGTCCACAAGGAC 
AGGATTTGTCTTCAGACTCCAGAGCAAATGCAGATGGGTACAGCCTGTATGATGTGGAGATCTCC 
ATTATAGTCCAGGAAAATGCTGGGAGCATATTGTGTTCCATCCACCTTGCTGAGCAGAGTCATGA 
GGTGGAATCCAAGGTATTGATAGGAGAGACGTTTTTCCAGCCCTCACCTTGGCGCCTGGCTTCTA 
TTTTACTCGGGTTACTCTGTGGTGCCCTGTGTGGTGTTGTCATGGGGATGATAATTGTTTTCTTC 
AAATCCAAAGGGAAAATCCAGGCGGAACTGGACTGGAGAAGAAAGCACGGACAGGCAGAATTGAG 
AGACGCCCGGAAACACGCAGTGGAGGTGACTCTGGATCCAGAGACGGCTCACCCGAAGCTCTGCG 
TTTCTGATCTGAAAACTGTAACCCATAGAAAAGCTCCCCAGGAGGTGCCTCACTCTGAGAAGAGA 
TTTACAAGGAAGAGTGTGGTGGCTTCTCAGGGTTTCCAAGCAGGGAGACATTACTGGGAGGTGGA 
CGTGGGACAAAATGTAGGGTGGTATGTGGGAGTGTGTCGGGATGACGTAGACAGGGGGAAGAACA 
ATGTGACTTTGTCTCCCAACAATGGGTATTGGGTCCTCAGACTGACAACAGAACATTTGTATTTC 
ACATTCAATCCCCATTTTATCAGCCTCCCCCCCAGCACCCCTCCTACACGAGTAGGGGTCTTCCT 
GGACTATGAGGGTGGGACCATCTCCTTCTTCAATACAAATGACCAGTCCCTTATTTATACCCTGC 
TGACATGTCAGTTTGAAGGCTTGTTGAGACCCTATATCCAGCATGCGATGTATGACGAGGAAAAG 
GGGACTCCCATATTCATATGTCCAGTGTCCTGGGGA TGA GACAGAGAAGACCCTGCTTAAAGGGC 
CCCACACCACAGACCCAGACACAGCCAAGGGAGAGTGCTCCCGACAGGTGGCCCCAGCTTCCTCT 
CCGGAGCCTGCGCACAGAGAGTCACGCCCCCCACTCTCCTTTAGGGAGCTGAGGTTCTTCTGCCC 
TGAGCCCTGCAGCAGCGGCAGTCACAGCTTCCAGATGAGGGGGGATTGGCCTGACCCTGTGGGAG 
TCAGAAGCCATGGCTGCCCTGAAGTGGGGACGGAATAGACTCACATTAGGTTTAGTTTGTGAAAA 
CTCCATCCAGCTAAGCGATCTTGAACAAGTCACAACCTCCCAGGCTCCTCATTTGCTAGTCACGG 
ACAGTGATTCCTGCCTCACAGGTGAAGATTAAAGAGACAACGAATGTGAATCATGCTTGCAGGTT 
TGAGGGCACAGTGTTTGCTAATGATGTGTTTTTATATTATACATTTTCCCACCATAAACTCTGTT 
TGCTTATTCCACATTAATTTACTTTTCTCTATACCAAATCACCCATGGAATAGTTATTGAACACC 
TGCTTTGTGAGGCTCAAAGAATAAAGAGGAGGTAGGATTTTTCACTGATTCTATAAGCCCAGCAT 
TACCTGATACCAAAACCAGGCAAAGA7VAACAGAAGAAGAGGAAGGAAAACTACAGGTCCATATCC 
CTCATTAACACAGACACAAAAATTCTAAATAAAATTTTAACAAATTAAACTAAACAATATATTTA 
AAGATGATATATAACTACTCAGTGTGGTTTGTCCCACAAATGCAGAGTTGGTTTAATATTTAAAT 
ATCAACCAGTGTAATTCAGCACATTAATAAAGTAAAAAAGAAAACCATAAAAAAAAAAAAAAA 
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FIGURE 104 

MAFVLILVLSFYELVSGQWQVTGPGKFVQALVGEDAVFSCSLFPETSAEAMEVRFFRNQFHAVVH 
LYRDGEDWESKQMPQYRGRTEFVKDSIAGGRVSLRLKNITPSDIGLYGCWFSSQIYDEEATWELR 
VAALGSLPLISIVGYVDGGIQLLCLSSGWFPQPTAKWKGPQGQDLSSDSRANADGYSLYDVEISI 
IVQENAGSILCSIHLAEQSHEVESKVLIGETFFQPSPWRLASILLGLLCGALCGVVMGMIIVFFK 
SKGKIQAELDWRRKHGQAELRDARKHAVEVTLDPETAHPKLCVSDLKTVTHRKAPQEVPHSEKRF 
TRKSVVASQGFQAGRHYWEVDVGQNVGWYVGVCRDDVDRGKNNVTLSPNNGYWVLRLTTEHLYFT 
FNPHFISLPPSTPPTRVGVFLDYEGGTISFFNTNDQSLIYTLLTCQFEGLLRPYIQHAMYDEEKG 
TPIFICPVSWG 

Signal peptide: 

amino acids 1-17 

Transmembrane domains: 

amino acids 131-150, 235-259 
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FIGURE 105 

CCTTCACAGGACTCTTCATTGCTGGTTGGCAATGATGTATCGGCCAGATGTGGTGAGGGCTAGGA 
AAAGAGTTTGTTGGGAACCCTGGGTTATCGGCCTCGTCATCTTCATATCCCTGATTGTCCTGGCA 
GTGTGCATTGGACTCACTGTTCATTATGTGAGATATAATCAAAAGAAGACCTACAATTACTATAG 
CACATTGTCATTTACAACTGACAAACTATATGCTGAGTTTGGCAGAGAGGCTTCTAACAATTTTA 
CAGAAATGAGCCAGAGACTTGAATCAATGGTGAAAAATGCATTTTATAAATCTCCATTAAGGGAA 
GAATTTGTCAAGTCTCAGGTTATCAAGTTCAGTCAACAGAAGCATGGAGTGTTGGCTCATATGCT 
GTTGATTTGTAGATTTCACTCTACTGAGGATCCTGAAACTGTAGATAAAATTGTTCAACTTGTTT 
TACATGAAAAGCTGCAAGATGCTGTAGGACCCCCTAAAGTAGATCCTCACTCAGTTAAAATTAAA 
AA7^ATCAACAAGACAGAAACAGACAGCTATCTAAACCATTGCTGCGGAACACGAAGAAGTAAAAC 
TCTAGGTCAGAGTCTCAGGATCGTTGGTGGGACAGAAGTAGAAGAGGGTGAATGGCCCTGGCAGG 
CTAGCCTGCAGTGGGATGGGAGTCATCGCTGTGGAGCAACCTTAATTAATGCCACATGGCTTGTG 
AGTGCTGCTCACTGTTTTACAACATATAAGAACCCTGCCAGATGGACTGCTTCCTTTGGAGTAAC 
AATAAAACCTTCGAAAATGAAACGGGGTCTCCGGAGAATAATTGTCCATGAAAAATACAAACACC 
CATCACATGACTATGATATTTCTCTTGCAGAGCTTTCTAGCCCTGTTCCCTACACAAATGCAGTA 
CATAGAGTTTGTCTCCCTGATGCATCCTATGAGTTTCAACCAGGTGATGTGATGTTTGTGACAGG 
ATTTGGAGCACTGAAAAATGATGGTTACAGTCAAAATCATCTTCGACAAGCACAGGTGACTCTCA 
TAGACGCTACAACTTGCAATGAACCTCAAGCTTACAATGACGCCATAACTCCTAGAATGTTATGT 
GCTGGCTCCTTAGAAGGAAAAACAGATGCATGCCAGGGTGACTCTGGAGGACCACTGGTTAGTTC 
AGATGCTAGAGATATCTGGTACCTTGCTGGAATAGTGAGCTGGGGAGATGAATGTGCGAAACCCA 
ACAAGCCTGGTGTTTATACTAGAGTTACGGCCTTGCGGGACTGGATTACTTCAAAAACTGGTATC 
TAA GAGACAAAAGCCTCATGGAACAGATAACATTTTTTTTTGTTTTTTGGGTGTGGAGGCCATTT 
TTAGAGATACAGAATTGGAGAAGACTTGCAAAACAGCTAGATTTGACTGATCTCAATAAACTGTT 
TGCTTGATGCATGTATTTTCTTCCCAGCTCTGTTCCGCACGTAAGCATCCTGCTTCTGCCAGATC 
AACTCTGTCATCTGTGAGCAATAGTTGAAACTTTATGTACATAGAGAAATAGATAATACAATATT 
ACATTACAGCCTGTATTCATTTGTTCTCTAGAAGTTTTGTCAGAATTTTGACTTGTTGACAT7\AA 
TTTGTAATGCATATATACAATTTGAAGCACTCCTTTTCTTCAGTTCCTCAGCTCCTCTCATTTCA 
GCAAATATCCATTTTCAAGGTGCAGAACAAGGAGTGAAAGAAAATATAAGAAGAAAAAAATCCCC 
TACATTTTATTGGCACAGAAAAGTATTAGGTGTTTTTCTTAGTGGAATATTAGAAATGATCATAT 
TCATTATGAAAGGTCAAGCAAAGACAGCAGAATACCAATCACTTCATCATTTAGGAAGTATGGGA 
ACTAAGTTAAGGAAGTCCAGAAAGAAGCCAAGATATATCCTTATTTTCATTTCCAAACAACTACT 
ATGATAAATGTGAAGAAGATTCTGTTTTTTTGTGACCTATAATAATTATACAAACTTCATGCAAT 
GTACTTGTTCTAAGCAAATTAAAGCAAATATTTATTTAACATTGTTACTGAGGATGTCAACATAT 
AACAATAAAATATAAATCACCCA 
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FIGURE 106 

MMYRPDVVRARKRVCWEPWVIGLVIFISLIVLAVCIGLTVHYVRYNQKKTYNYYSTLSFTTDKLY 
AEFGREASNNFTEMSQRLESMVKNAFYKSPLREEFVKSQVIKFSQQKHGVLAHMLLICRFHSTED 
PETVDKIVQLVLHEKLQDAVGPPKVDPHSVKIKKINKTETDSYLNHCCGTRRSKTLGQSLRIVGG 
TEVEEGEWPWQASLQWDGSHRCGATLINATWLVSAAHCFTTYKNPARWTASFGVTIKPSKMKRGL 
RRIIVHEKYKHPSHDYDISLAELSSPVPYTNAVHRVCLPDASYEFQPGDVMFVTGFGALKNDGYS 
QNHLRQAQVTLIDATTCNEPQAYNDAITPRMLCAGSLEGKTDACQGDSGGPLVSSDARDIWYLAG 
IVSWGDECAKPNKPGVYTRVTALRDWITSKTGI 



Transmembrane domain: 

amino acids 21-40 (type II) 
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FIGURE 107 

AGAGAAAGAAGCGTCTCCAGCTGAAGCCAATGCAGCCCTCCGGCTCTCCGCGAAGAAGTTCCCTG 
CCCCGATGAGCCCCCGCCGTGCGTCCCCGACTATCCCCAGGCGGGCGTGGGGCACCGGGCCCAGC 
GCCGACGATCGCTGCCGTTTTGCCCTTGGGAGTAGGATGTGGTGAAAGGATGGGGCTTCTCCCTT 
ACGGGGCTCACAATGGCCAGAGAAGATTCCGTGAAGTGTCTGCGCTGCCTGCTCTACGCCCTCAA 
TCTGCTCTTTTGGTTAATGTCCATCAGTGTGTTGGCAGTTTCTGCTTGGATGAGGGACTACCTAA 
ATAATGTTCTCACTTTAACTGCAGAAACGAGGGTAGAGGAAGCAGTCATTTTGACTTACTTTCCT 
GTGGTTCATCCGGTCATGATTGCTGTTTGCTGTTTCCTTATCATTGTGGGGATGTTAGGATATTG 
TGGAACGGTGAAAAGAAATCTGTTGCTTCTTGCATGGTACTTTGGAAGTTTGCTTGTCATTTTCT 
GTGTAGAACTGGCTTGTGGCGTTTGGACATATGAACAGGAACTTATGGTTCCAGTACAATGGTCA 
GATATGGTCACTTTGAAAGCCAGGATGACAAATTATGGATTACCTAGATATCGGTGGCTTACTCA 
TGCTTGGAATTTTTTTCAGAGAGAGTTTAAGTGCTGTGGAGTAGTATATTTCACTGACTGGTTGG 
AAATGACAGAGATGGACTGGCCCCCAGATTCCTGCTGTGTTAGAGAATTCCCAGGATGTTCCAAA 
CAGGCCCACCAGGAAGATCTCAGTGACCTTTATCAAGAGGGTTGTGGGAAGAAAATGTATTCCTT 
TTTGAGAGGAACCAAACAACTGCAGGTGCTGAGGTTTCTGGGAATCTCCATTGGGGTGACACAAA 
TCCTGGCCATGATTCTCACCATTACTCTGCTCTGGGCTCTGTATTATGATAGAAGGGAGCCTGGG 
ACAGACCAAATGATGTCCTTGAAGAATGACAACTCTCAGCACCTGTCATGTCCCTCAGTAGAACT 
GTTGAAACCAAGCCTGTCAAGAATCTTTGAACACACATCCATGGCAAACAGCTTTAATACACACT 
TTGAGATGGAGGAGTTA TAA AAAGAAATGTCACAGAAGAAAACCACAAACTTGTTTTATTGGACT 
TGTGAATTTTTGAGTACATACTATGTGTTTCAGAAATATGTAGAAATAAAAATGTTGCCATAAAA 
TAACACCTAAGCATATACTATTCTATGCTTTAAAATGAGGATGGAAAAGTTTCATGTCATAAGTC 
ACCACCTGGACAATAATTGATGCCCTTAAAATGCTGAAGACAGATGTCATACCCACTGTGTAGCC 
TGTGTATGACTTTTACTGAACACAGTTATGTTTTGAGGCAGCATGGTTTGATTAGCATTTCCGCA 
TCCATGCAAACGAGTCACATATGGTGGGACTGGAGCCATAGTAAAGGTTGATTTACTTCTACCAA 
CTAGTATATAAAGTACTAATTAAATGCTAACATAGGAAGTTAGAAAATACTAATAACTTTTATTA 
CTCAGCGATCTATTCTTCTGATGCTAAATAAATTATATATCAGAAAACTTTCAATATTGGTGACT 
ACCTAAATGTGATTTTTGCTGGTTACTAAAATATTCTTACCACTTAAAAGAGCAAGCTAACACAT 
TGTCTTAAGCTGATCAGGGATTTTTTGTATATAAGTCTGTGTTAAATCTGTATAATTCAGTCGAT 
TTCAGTTCTGATAATGTTAAGAATAACCATTATGAAAAGGAAAATTTGTCCTGTATAGCATCATT 
ATTTTTAGCCTTTCCTGTTAATAAAGCTTTACTATTCTGTCCTGGGCTTATATTACACATATAAC 
TGTTATTTAAATACTTAACCACTAATTTTGAAAATTACCAGTGTGATACATAGGAATCATTATTC 
AGAATGTAGTCTGGTCTTTAGGAAGTATTAATAAGAAAATTTGCACATAACTTAGTTGATTCAGA 
AAGGACTTGTATGCTGTTTTTCTCCCAAATGAAGACTCTTTTTGACACTAAACACTTTTTAAAAA 
GCTTATCTTTGCCTTCTCCAAACAAGAAGCAATAGTCTCCAAGTCAATATAAATTCTACAGAAAA 
TAGTGTTCTTTTTCTCCAGAAAAATGCTTGTGAGAATCATTAAAACATGTGACAATTTAGAGATT 
CTTTGTTTTATTTCACTGATTAATATACTGTGGCAAATTACACAGATTATTAAATTTTTTTACAA 
GAGTATAGTATATTTATTTGAAATGGGAAAAGTGCATTTTACTGTATTTTGTGTATTTTGTTTAT 
TTCTCAGAATATGGAAAGAAAATTAAAATGTGTCAATAAATATTTTCTAGAGAGTAA 
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FIGURE 108 

MAREDSVKCLRCLLYALNLLFWLMSISVLAVSAWMRDYLNNVLTLTAETRVEEAVILTYFPVVHP 
VMIAVCCFLIIVGMLGYCGTVKRNLLLLAWYFGSLLVIFCVELACGVWTYEQELMVPVQWSDMVT 
LKARMTNYGLPRYRWLTHAWNFFQREFKCCGVVYFTDWLEMTEMDWPPDSCCVREFPGCSKQAHQ 
EDLSDLYQEGCGKKMYSFLRGTKQLQVLRFLGISIGVTQILAMILTITLLWALYYDRREPGTDQM 
MSLKNDNSQHLSCPSVELLKPSLSRIFEHTSMANSFNTHFEMEEL 

Signal peptide: 

amino acids 1-33 

Transmembrane domains: 

amino acids 12-35, 57-86, 94-114, 226-248 
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FIGURE 109 

CCAAGGCCAGAGCTGTGGACACCTTATCCCACTCATCCTCATCCTCTTCCTCTGATAAAGCCCCT 
ACCAGTGCTGATAAAGTCTTTCTCGTGAGAGGCTAGAGGCCTTAAAAAAAAAAGTGCTTGAAAGA 
GAAGGGGACAAAGGAACACCAGTATTAAGAGGATTTTCCAGTGTTTCTGGCAGTTGGTCCAGAAG 
G ATG CCTCCATTCCTGCTTCTCACCTGCCTCTTCATCACAGGCACCTCCGTGTCACCCGTGGCCC 
TAGATCCTTGTTCTGCTTACATCAGCCTGAATGAGCCCTGGAGGAACACTGACCACCAGTTGGAT 
GAGTCTCAAGGTCCTCCTCTATGTGACAACCATGTGAATGGGGAGTGGTACCACTTCACGGGCAT 
GGCGGGAGATGCCATGCCTACCTTCTGCATACCAGAAAACCACTGTGGAACCCACGCACCTGTCT 
GGCTCAATGGCAGCCACCCCCTAGAAGGCGACGGCATTGTGCAACGCCAGGCTTGTGCCAGCTTC 
AATGGGAACTGCTGTCTCTGGAACACCACGGTGGAAGTCAAGGCTTGCCCTGGAGGCTACTATGT 
GTATCGTCTGACCAAGCCCAGCGTCTGCTTCCACGTCTACTGTGGTCATTTTTATGACATCTGCG 
ACGAGGACTGCCATGGCAGCTGCTCAGATACCAGCGAGTGCACATGCGCTCCAGGAACTGTGCTA 
GGCCCTGACAGGCAGACATGCTTTGATGAAAATGAATGTGAGC7\AAACAACGGTGGCTGCAGTGA 
GATCTGTGTGAACCTCAAAAACTCCTACCGCTGTGAGTGTGGGGTTGGCCGTGTGCTAAGAAGTG 
ATGGCAAGACTTGTGAAGACGTTGAAGGATGCCACAATAACAATGGTGGCTGCAGCCACTCTTGC 
CTTGGATCTGAGAAAGGCTACCAGTGTGAATGTCCCCGGGGCCTGGTGCTGTCTGAGGATAACCA 
CACTTGCCAAGTCCCTGTGTTGTGCAAATCAAATGCCATTGAAGTGAACATCCCCAGGGAGCTGG 
TTGGTGGCCTGGAGCTCTTCCTGACCAACACCTCCTGCCGAGGAGTGTCCAACGGCACCCATGTC 
AACATCCTCTTCTCTCTCAAGACATGTGGTACAGTGGTCGATGTGGTGAATGACAAGATTGTGGC 
CAGCAACCTCGTGACAGGTCTACCCAAGCAGACCCCGGGGAGCAGCGGGGACTTCATCATCCGAA 
CCAGCAAGCTGCTGATCCCGGTGACCTGCGAGTTTCCACGCCTGTACACCATTTCTGAAGGATAC 
GTTCCCAACCTTCGAAACTCCCCACTGGAAATCATGAGCCGAAATCATGGGATCTTCCCATTCAC 
TCTGGAGATCTTCAAGGACAATGAGTTTGAAGAGCCTTACCGGGAAGCTCTGCCCACCCTCAAGC 
TTCGTGACTCCCTCTACTTTGGCATTGAGCCCGTGGTGCACGTGAGCGGCTTGGATVAGCTTGGTG 
GAGAGCTGCTTTGCCACCCCCACCTCCAAGATCGACGAGGTCCTGAAATACTACCTCATCCGGGA 
TGGCTGTGTTTCAGATGACTCGGTAAAGCAGTACACATCCCGGGATCACCTAGCAAAGCACTTCC 
AGGTCCCTGTCTTCAAGTTTGTGGGCAAAGACCACAAGGAAGTGTTTCTGCACTGCCGGGTTCTT 
GTCTGTGGAGTGTTGGACGAGCGTTCCCGCTGTGCCCAGGGTTGCCACCGGCGAATGCGTCGTGG 
GGCAGGAGGAGAGGACTCAGCCGGTCTACAGGGCCAGACGCTAACAGGCGGCCCGATCCGCATCG 
ACTGGGAGGAC TAG TTCGTAGCCATACCTCGAGTCCCTGCATTGGACGGCTCTGCTCTTTGGAGC 
TTCTCCCCCCACCGCCCTCTAAGAACATCTGCCAACAGCTGGGTTCAGACTTCACACTGTGAGTT 
CAGACTCCCAGCACCAACTCACTCTGATTCTGGTCCATTCAGTGGGCACAGGTCACAGCACTGCT 
GAACAATGTGGCCTGGGTGGGGTTTCATCTTTCTAGGGTTGAAAACTAAACTGTCCACCCAGAAA 
GACACTCACCCCATTTCCCTCATTTCTTTCCTACACTTAAATACCTCGTGTATGGTGCAATCAGA 
CCACAAAATCAGAAGCTGGGTATAATATTTCAAGTTACAAACCCTAGAAAAATTAAACAGTTACT 
GAAATTATGACTTAAATACCCAATGACTCCTTAAATATGT7VAATTATAGTTATACCTTGAAATTT 
CAATTCAAATGCAGACTAATTATAGGGAATTTGGAAGTGTATCAATAAAACAGTATATAATTTT 
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FIGURE 110 

MPPFLLLTCLFITGTSVSPVALDPCSAYISLNEPWRNTDHQLDESQGPPLCDNHVNGEWYHFTGM 
AGDAMPTFCIPENHCGTHAPVWLNGSHPLEGDGIVQRQACASFNGNCCLWNTTVEVKACPGGYYV 
YRLTKPSVCFHVYCGHFYDICDEDCHGSCSDTSECTCAPGTVLGPDRQTCFDENECEQNNGGCSE 
ICVNLKNSYRCECGVGRVLRSDGKTCEDVEGCHNNNGGCSHSCLGSEKGYQCECPRGLVLSEDNH 
TCQVPVLCKSNAIEVNIPRELVGGLELFLTNTSCRGVSNGTHVNILFSLKTCGTVVDVVNDKIVA 
SNLVTGLPKQTPGSSGDFIIRTSKLLIPVTCEFPRLYTISEGYVPNLRNSPLEIMSRNHGIFPFT 
LEIFKDNEFEEPYREALPTLKLRDSLYFGIEPVVHVSGLESLVESCFATPTSKIDEVLKYYLIRD 
GCVSDDSVKQYTSRDHLAKHFQVPVFKFVGKDHKEVFLHCRVLVCGVLDERSRCAQGCHRRMRRG 
AGGEDSAGLQGQTLTGGPIRIDWED 

Important features of the protein: 
Signal peptide: 

amino acids 1-16 

N-glycosylation sites. 

amino acids 89-93, 116-120, 259-263, 291-295, 299-303 

Tyrosine kinase phosphorylation sites. 

amino acids 411-418, 443-451 

N-myris toylation sites . 

amino acids 226-232, 233-239, 240-246, 252-258, 296-302, 300-306, 
522-528, 531-537 

Aspartic acid and asparagine hydroxylation site. 

amino acids 197-209 

ZP domain proteins. 

amino acids 431-457 

Calcium-binding EGF-like proteins. 

amino acids 191-212, 232-253 
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FIGURE 111 

GAGAGAGGCAGCAGCTTGCTCAGCGGACAAGGATGCTGGGCGTGAGGGACCAAGGCCTGCCCTGC 
ACTCGGGCCTCCTCCAGCCAGTGCTGACCAGGGACTTCTGACCTGCTGGCCAGCCAGGACCTGTG 
TGGGGAGGCCCTCCTGCTGCCTTGGGGTGACAATCTCAGCTCCAGGCTACAGGGAGACCGGGAGG 
AT C AC AG AG C C AGC ATG T T AC AGGAT C C T GAC AGT G AT C AAC C T CT G AAC AGC C T C GAT GTC AAA 
CCCCTGCGCAAACCCCGTATCCCCATGGAGACCTTCAGAAAGGTGGGGATCCCCATCATCATAGC 
ACTACTGAGCCTGGCGAGTATCATCATTGTGGTTGTCCTCATCAAGGTGATTCTGGATAAATACT 
ACTTCCTCTGCGGGCAGCCTCTCCACTTCATCCCGAGGAAGCAGCTGTGTGACGGAGAGCTGGAC 
TGTCCCTTGGGGGAGGACGAGGAGCACTGTGTCAAGAGCTTCCCCGAAGGGCCTGCAGTGGCAGT 
CCGCCTCTCCAAGGACCGATCCACACTGCAGGTGCTGGACTCGGCCACAGGGAACTGGTTCTCTG 
CCTGTTTCGACAACTTCACAGAAGCTCTCGCTGAGACAGCCTGTAGGCAGATGGGCTACAGCAGA 
GCTGTGGAGATTGGCCCAGACCAGGATCTGGATGTTGTTGAAATCACAGAAAACAGCCAGGAGCT 
TCGCATGCGGAACTCAAGTGGGCCCTGTCTCTCAGGCTCCCTGGTCTCCCTGCACTGTCTTGCCT 
GTGGGAAGAGCCTGAAGACCCCCCGTGTGGTGGGTGGGGAGGAGGCCTCTGTGGATTCTTGGCCT 
TGGCAGGTCAGCATCCAGTACGACAAACAGCACGTCTGTGGAGGGAGCATCCTGGACCCCCACTG 
GGTCCTCACGGCAGCCCACTGCTTCAGGAAACATACCGATGTGTTCAACTGGAAGGTGCGGGCAG 
GCTCAGACAAACTGGGCAGCTTCCCATCCCTGGCTGTGGCCAAGATCATCATCATTGAATTCAAC 
CCCATGTACCCCAAAGACAATGACATCGCCCTCATGAAGCTGCAGTTCCCACTCACTTTCTCAGG 
CACAGTCAGGCCCATCTGTCTGCCCTTCTTTGATGAGGAGCTCACTCCAGCCACCCCACTCTGGA 
TCATTGGATGGGGCTTTACGAAGCAGAATGGAGGGAAGATGTCTGACATACTGCTGCAGGCGTCA 
GTCCAGGTCATTGACAGCACACGGTGCAATGCAGACGATGCGTACCAGGGGGAAGTCACCGAGAA 
GATGATGTGTGCAGGCATCCCGGAAGGGGGTGTGGACACCTGCCAGGGTGACAGTGGTGGGCCCC 
TGATGTACCAATCTGACCAGTGGCATGTGGTGGGCATCGTTAGCTGGGGCTATGGCTGCGGGGGC 
CCGAGCACCCCAGGAGTATACACCAAGGTCTCAGCCTATCTCAACTGGATCTACAATGTCTGGAA 
GGCTGAGCTGTAATGCTGCTGCCCCTTTGCAGTGCTGGGAGCCGCTTCCTTCCTGCCCTGCCCAC 
CTGGGGATCCCCCAAAGTCAGACACAGAGCAAGAGTCCCCTTGGGTACACCCCTCTGCCCACAGC 
CTCAGCATTTCTTGGAGCAGCAAAGGGCCTCAATTCCTGTAAGAGACCCTCGCAGCCCAGAGGCG 
CCCAGAGGAAGTCAGCAGCCCTAGCTCGGCCACACTTGGTGCTCCCAGCATCCCAGGGAGAGACA 
CAGCCCACTGAACAAGGTCTCAGGGGTATTGCTAAGCCAAGAAGGAACTTTCCCACACTACTGAA 
TGGAAGCAGGCTGTCTTGTAAAAGCCCAGATCACTGTGGGCTGGAGAGGAGAAGGAAAGGGTCTG 
CGCCAGCCCTGTCCGTCTTCACCCATCCCCAAGCCTACTAGAGCAAGAAACCAGTTGTAATATAA 
AATGCACTGCCCTACTGTTGGTATGACTACCGTTACCTACTGTTGTCATTGTTATTACAGCTATG 
GCCACTATTATTAAAGAGCTGTGTAACATCTCTGGCAAAAAAAAAAAA 
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FIGURE 112 

MLQDPDSDQPLNSLDVKPLRKPRIPMETFRKVGIPIIIALLSLASIIIVVVLIKVILDKYYFLCG 
QPLHFIPRKQLCDGELDCPLGEDEEHCVKSFPEGPAVAVRLSKDRSTLQVLDSATGNWFSACFDN 
FTEALAETACRQMGYSRAVEIGPDQDLDVVEITENSQELRMRNSSGPCLSGSLVSLHCLACGKSL 
KTPRVVGGEEASVDSWPWQVSIQYDKQHVCGGSILDPHWVLTAAHCFRKHTDVFNWKVRAGSDKL 
GSFPSLAVAKIIIIEFNPMYPKDNDIALMKLQFPLTFSGTVRPICLPFFDEELTPATPLWIIGWG 
FTKQNGGKMSDILLQASVQVIDSTRCNADDAYQGEVTEKMMCAGIPEGGVDTCQGDSGGPLMYQS 
DQWHVVGIVSWGYGCGGPSTPGVYTKVSAYLNWIYNVWKAEL 



Transmembrane domain: 

amino acids 32-53 (typell) 
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FIGURE 113 

GGCTGGACTGGAACTCCTGGTCCCAAGTGATCCACCCGCCTCAGCCTCCCAAGGTGCTGTGATTA 
TAGGTGTAAGCCACCGTGTCTGGCCTCTGAACAACTTTTTCAGCAACTAAAAAAGCCACAGGAGT 
TGAACTGCTAGGATTCTGACTATGCTGTGGTGGCTAGTGCTCCTACTCCTACCTACATTAAAATC 
TGTTTTTTGTTCTCTTGTAACTAGCCTTTACCTTCCTAACACAGAGGATCTGTCACTGTGGCTCT 
GGCCCAAACCTGACCTTCACTCTGGAACGAGAACAGAGGTTTCTACCCACACCGTCCCCTCGAAG 
CCGGGGACAGCCTCACCTTGCTGGCCTCTCGCTGGAGCAGTGCCCTCACCAACTGTCTCACGTCT 
GGAGGCACTGACTCGGGCAGTGCAGGTAGCTGAGCCTCTTGGTAGCTGCGGCTTTCAAGGTGGGC 
CTTGCCCTGGCCGTAGAAGGGATTGACAAGCCCGAAGATTTCATAGGCGATGGCTCCCACTGCCC 
AGGCATCAGCCTTGCTGTAGTCAATCACTGCCCTGGGGCCAGGACGGGCCGTGGACACCTGCTCA 
GAAGCAGTGGGTGAGACATCACGCTGCCCGCCCATCTAACCTTTTCATGTCCTGCACATCACCTG 
ATCCATGGGCTAATCTGAACTCTGTCCCAAGGAACCCAGAGCTTGAGTGAGCTGTGGCTCAGACC 
CAGAAGGGGTCTGCTTAGACCACCTGGTTTATGTGACAGGACTTGCATTCTCCTGGAACATGAGG 
GAACGCCGGAGGAAAGCAAAGTGGCAGGGAAGGAACTTGTGCCAAATTATGGGTCAGAAAAGATG 
GAGGTGTTGGGTTATCACAAGGCATCGAGTCTCCTGCATTCAGTGGACATGTGGGGGAAGGGCTG 
CCGATGGCGCATGACACACTCGGGACTCACCTCTGGGGCCATCAGACAGCCGTTTCCGCCCCGAT 
CCACGTACCAGCTGCTGAAGGGCAACTGCAGGCCGATGCTCTCATCAGCCAGGCAGCAGCCAAAA 
TCTGCGATCACCAGCCAGGGGCAGCCGTCTGGGAAGGAGCAAGCAAAGTGACCATTTCTCCTCCC 
CTCCTTCCCTCTGAGAGGCCCTCCTATGTCCCTACTAAAGCCACCAGCAAGACATAGCTGACAGG 
GGCTAATGGCTCAGTGTTGGCCCAGGAGGTCAGCAAGGCCTGAGAGCTGATCAGAAGGGCCTGCT 
GTGCGAACACGGAAATGCCTCCAGTAAGCACAGGCTGCAAAATCCCCAGGCAAAGGACTGTGTGG 
CTCAATTTAAATCATGTTCTAGTAATTGGAGCTGTCCCCAAGACCAAAGGAGCTAGAGCTTGGTT 
CAAATGATCTCCAAGGGCCCTTATACCCCAGGAGACTTTGATTTGAATTTGAAACCCCAAATCCA 
AACCTAAGT^ACCAGGTGCATTAAGAATCAGTTATTGCCGGGTGTGGTGGCCTGTAATGCCAACAT 
TTTGGGAGGCCGAGGCGGGTAGATCACCTGAGGTCAGGAGTTCAAGACCAGCCTGGCCAACATGG 
TGAAACCCCTGTCTCTACTAAAAATACAAAAAAACTAGCCAGGCATGGTGGTGTGTGCCTGTATC 
CCAGCTACTCGGGAGGCTGAGACAGGAGAATTACTTGAACCTGGGAGGTGAAGGAGGCTGAGACA 
GGAGAATCACTTCAGCCTGAGCAACACAGCGAGACTCTGTCTCAGAAAAAATAAAAAAAGAATTA 
TGGTTATTTGTAA 
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FIGURE 114 

MLWWLVLLLLPTLKSVFCSLVTSLYLPNTEDLSLWLWPKPDLHSGTRTEVSTHTVPSKPGTASPC 
WPLAGAVPSPTVSRLEALTRAVQVAEPLGSCGFQGGPCPGRRRD 

Signal peptide: 

amino acids 1-15 
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FIGURE 115 

CAGCAGTGGTCTCTCAGTCCTCTCAAAGCAAGGj\AAGAGTACTGTGTGCTGAGAGACC ATG GCAA 
AGAATCCTCCAGAGAATTGTGAAGACTGTCACATTCTAAATGCAGAAGCTTTTAAATCCAAGAAA 
ATATGTAAATCACTTAAGATTTGTGGACTGGTGTTTGGTATCCTGGCCCTAACTCTAATTGTCCT 
GTTTTGGGGGAGCAAGCACTTCTGGCCGGAGGTACCCAAAAAAGCCTATGACATGGAGCACACTT 
TCTACAGCAATGGAGAGAAGAAGAAGATTTACATGGAAATTGATCCTGTGACCAGAACTGAAATA 
TTCAGAAGCGGAAATGGCACTGATGAAACATTGGAAGTGCACGACTTTAAAAACGGATACACTGG 
CATCTACTTCGTGGGTCTTCAAAAATGTTTTATCAAAACTCAGATTAAAGTGATTCCTGAATTTT 
C T G AAC C AG AAG AGG AAAT AG AT G AG AAT G AAG AAAT T AC C AC AAC T T T C T T T G AAC AGT C AG T G 
ATTTGGGTCCCAGCAGAAAAGCCTATTGAAAACCGAGATTTTCTTAAAAATTCCAAAATTCTGGA 
GATTTGTGATAACGTGACCATGTATTGGATCAATCCCACTCTAATATCAGTTTCTGAGTTACAAG 
ACTTTGAGGAGGAGGGAGAAGATCTTCACTTTCCTGCCAACGAAAAAAAAGGGATTGAACAAAAT 
GAACAGTGGGTGGTCCCTCAAGTGAAAGTAGAGAAGACCCGTCACGCCAGACAAGCAAGTGAGGA 
AGAACTTCCAATAAATGACTATACTGAAAATGGAATAGAATTTGATCCCATGCTGGATGAGAGAG 
GTTATTGTTGTATTTACTGCCGTCGAGGCAACCGCTATTGCCGCCGCGTCTGTGAACCTTTACTA 
GGCTACTACCCATATCCATACTGCTACCAAGGAGGACGAGTCATCTGTCGTGTCATCATGCCTTG 
TAACTGGTGGGTGGCCCGCATGCTGGGGAGGGTC TAA TAGGAGGTTTGAGCTCAAATGCTTAAAC 
TGCTGGCAACATATAATAAATGCATGCTATTCAATGAATTTCTGCCTATGAGGCATCTGGCCCCT 
GGTAGCCAGCTCTCCAGAATTACTTGTAGGTAATTCCTCTCTTCATGTTCTAATAAACTTCTACA 
T TAT C AC C AAAAAAAAAAAAAAAAAAA 
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FIGURE 116 

MAKNPPENCEDCHILNAEAFKSKKICKSLKICGLVFGILALTLIVLFWGSKHFWPEVPKKAYDME 
HTFYSNGEKKKIYMEIDPVTRTEIFRSGNGTDETLEVHDFKNGYTGIYFVGLQKCFIKTQIKVIP 
EFSEPEEEIDENEEITTTFFEQSVIWVPAEKPIENRDFLKNSKILEICDNVTMYWINPTLISVSE 
LQDFEEEGEDLHFPANEKKGIEQNEQWVVPQVKVEKTRHARQASEEELPINDYTENGIEFDPMLD 
ERGYCCIYCRRGNRYCRRVCEPLLGYYPYPYCYQGGRVICRVIMPCNWWVARMLGRV 

Important features of the protein: 
Signal peptide: 

amino acids 1-40 

Transmembrane domain: 

amino acids 25-47 (type II) 

N-glycosylation sites. 

amino acids 94-97, 180-183 

Glycosaminoglycan attachment sites. 

amino acids 92-95, 70-73, 85-88, 133-136, 148-151, 192-195, 239-242 
N-myristoylation sites . 

amino acids 33-38, 95-100, 116-121, 215-220, 272-277 

Microbodies C-terminal targeting signal. 

amino acids 315-317 

Cytochrome c family heme-binding site signature. 

amino acids 9-14 
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FIGURE 117 

GAGCTCCCCTCAGGAGCGCGTTAGCTTCACACCTTCGGCAGCAGGAGGGCGGCAGCTTCTCGCAG 

GCGGCAGGGCGGGCGGCCAGGATCATGTCCACCACCACATGCCAAGTGGTGGCGTTCCTCCTGTC 

CATCCTGGGGCTGGCCGGCTGCATCGCGGCCACCGGGATGGACATGTGGAGCACCCAGGACCTGT 

ACGACAACCCCGTCACCTCCGTGTTCCAGTACGAAGGGCTCTGGAGGAGCTGCGTGAGGCAGAGT 

TCAGGCTTCACCGAATGCAGGCCCTATTTCACCATCCTGGGACTTCCAGCCATGCTGCAGGCAGT 

GCGAGCCCTGATGATCGTAGGCATCGTCCTGGGTGCCATTGGCCTCCTGGTATCCATCTTTGCCC 

TGAAATGCATCCGCATTGGCAGCATGGAGGACTCTGCCAAAGCCAACATGACACTGACCTCCGGG 

ATCATGTTCATTGTCTCAGGTCTTTGTGCAATTGCTGGAGTGTCTGTGTTTGCCAACATGCTGGT 

GACTAACTTCTGGATGTCCACAGCTAACATGTACACCGGCATGGGTGGGATGGTGCAGACTGTTC 

AGACCAGGTACACATTTGGTGCGGCTCTGTTCGTGGGCTGGGTCGCTGGAGGCCTCACACTAATT 

GGGGGTGTGATGATGTGCATCGCCTGCCGGGGCCTGGCACCAGAAGAAACCAACTACAAAGCCGT 

TTCTTATCATGCCTCAGGCCACAGTGTTGCCTACAAGCCTGGAGGCTTCAAGGCCAGCACTGGCT 

TTGGGTCCAACACCAAAAACAAGAAGATATACGATGGAGGTGCCCGCACAGAGGACGAGGTACAA 

TCTTATCCTTCCAAGCACGACTATGTGTAATGCTCTAAGACCTCTCAGCACGGGCGGAAGAAACT 

CCCGGAGAGCTCACCCAAAAAACAAGGAGATCCCATCTAGATTTCTTCTTGCTTTTGACTCACAG 

CTGGAAGTTAGAAAAGCCTCGATTTCATCTTTGGAGAGGCCAAATGGTCTTAGCCTCAGTCTCTG 

TCTCTAAATATTCCACCATAAAACAGCTGAGTTATTTATGAATTAGAGGCTATAGCTCACATTTT 

CAATCCTCTATTTCTTTTTTTAAATATAACTTTCTACTCTGATGAGAGAATGTGGTTTTAATCTC 

TCTCTCACATTTTGATGATTTAGACAGACTCCCCCTCTTCCTCCTAGTCAATAAACCCATTGATG 

ATCTATTTCCCAGCTTATCCCCAAGAAAACTTTTGAAAGGAAAGAGTAGACCCAAAGATGTTATT . 

TTCTGCTGTTTGAATTTTGTCTCCCCACCCCCAACTTGGCTAGTAATAAACACTTACTGAAGAAG 

AAGCAATAAGAGAAAGATATTTGTAATCTCTCCAGCCCATGATCTCGGTTTTCTTACACTGTGAT 

CTTAAAAGTTACCAAACCAAAGTCATTTTCAGTTTGAGGCAACCAAACCTTTCTACTGCTGTTGA 

CATCTTCTTATTACAGCAACACCATTCTAGGAGTTTCCTGAGCTCTCCACTGGAGTCCTCTTTCT 

GTCGCGGGTCAGAAATTGTCCCTAGATGAATGAGAAAATTATTTTTTTTAATTTAAGTCCTAAAT 

ATAGTTAAAATAAATAATGTTTTAGTAAAATGATACACTATCTCTGTGAAATAGCCTCACCCCTA 

CATGTGGATAGAAGGAAATGAAAAAATAATTGCTTTGACATTGTCTATATGGTACTTTGTAAAGT 

CATGCTTAAGTACAAATTCCATGAAAAGCTCACACCTGTAATCCTAGCACTTTGGGAGGCTGAGG 

AGGAAGGATCACTTGAGCCCAGAAGTTCGAGACTAGCCTGGGCAACATGGAGAAGCCCTGTCTCT 

ACAAAATACAGAGAGAAAAAATCAGCCAGTCATGGTGGCATACACCTGTAGTCCCAGCATTCCGG 

GAGGCTGAGGTGGGAGGATCACTTGAGCCCAGGGAGGTTGGGGCTGCAGTGAGCCATGATCACAC 

CACTGCACTCCAGCCAGGTGACATAGCGAGATCCTGTCTAAAAAAATAAAAAATAAATAATGGAA 

CACAGCAAGTCCTAGGAAGTAGGTTAAAACTAATTCTTTAA 
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FIGURE 118 

MSTTTCQVVAFLLSILGLAGCIAATGMDMWSTQDLYDNPVTSVFQYEGLWRSCVRQSSGFTECRP 
YFTILGLPAMLQAVRALMIVGIVLGAIGLLVSIFALKCIRIGSMEDSAKANMTLTSGIMFIVSGL 
CAIAGVSVFANMLVTNFWMSTANMYTGMGGMVQTVQTRYTFGAALFVGWVAGGLTLIGGVMMCIA 
CRGLAPEETNYKAVSYHASGHSVAYKPGGFKASTGFGSNTKNKKIYDGGARTEDEVQSYPSKHDY 
V 

Signal peptide: 

amino acids 1-23 

Transmembrane domains: 

amino acids 81-100, 121-141, 173-194 
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FIGURE 119 

GGAAAAACTGTTCTCTTCTGTGGCACAGAGAACCCTGCTTCAAAGCAGAAGTAGCAGTTCCGGAG 
TCCAGCTGGCTAAAACTCATCCCAGAGGATA ATG GCAACCCATGCCTTAGAAATCGCTGGGCTGT 
TTCTTGGTGGTGTTGGAATGGTGGGCACAGTGGCTGTCACTGTCATGCCTCAGTGGAGAGTGTCG 
GCCTTCATTGAAAACAACATCGTGGTTTTTGAAAACTTCTGGGAAGGACTGTGGATGAATTGCGT 
GAGGCAGGCTAACATCAGGATGCAGTGCAAAATCTATGATTCCCTGCTGGCTCTTTCTCCGGACC 
TACAGGCAGCCAGAGGACTGATGTGTGCTGCTTCCGTGATGTCCTTCTTGGCTTTCATGATGGCC 
ATCCTTGGCATGAAATGCACCAGGTGCACGGGGGACAATGAGAAGGTGAAGGCTCACATTCTGCT 
GACGGCTGGAATCATCTTCATCATCACGGGCATGGTGGTGCTCATCCCTGTGAGCTGGGTTGCCA 
ATGCCATCATCAGAGATTTCTATAACTCAATAGTGAATGTTGCCCAAAAACGTGAGCTTGGAGAA 
GCTCTCTACTTAGGATGGACCACGGCACTGGTGCTGATTGTTGGAGGAGCTCTGTTCTGCTGCGT 
TTTTTGTTGCAACGAAAAGAGCAGTAGCTACAGATACTCGATACCTTCCCATCGCACAACCCAAA 
AAAGTTATCACACCGGAAAGAAGTCACCGAGCGTCTACTCCAGAAGTCAGTATGTG TAG TTGTGT 
ATGTTTTTTTAACTTTACTATAAAGCCATGCAAATGACAAAAATCTATATTACTTTCTCAAAATG 
GACCCCAAAGAAACTTTGATTTACTGTTCTTAACTGCCTAATCTTAATTACAGGAACTGTGCATC 
AGCTATTTATGATTCTATAAGCTATTTCAGCAGAATGAGATATTAAACCCAATGCTTTGATTGTT 
CTAGAAAGTATAGTAATTTGTTTTCTAAGGTGGTTCAAGCATCTACTCTTTTTATCATTTACTTC 
AAAATGACATTGCTAAAGACTGCATTATTTTACTACTGTAATTTCTCCACGACATAGCATTATGT 
ACATAGATGAGTGTAACATTTATATCTCACATAGAGACATGCTTATATGGTTTTATTTAAAATGA 
AATGCCAGTCCATTACACTGAATAAATAGAACTCAACTATTGCTTTTCAGGGAAATCATGGATAG 
GGTTGAAGAAGGTTACTATTAATTGTTTAAAAACAGCTTAGGGATTAATGTCCTCCATTTATAAT 
GAAGATTAAAATGAAGGCTTTAATCAGCATTGTAAAGGAAATTGAATGGCTTTCTGATATGCTGT 
TTTTTAGCCTAGGAGTTAGAAATCCTAACTTCTTTATCCTCTTCTCCCAGAGGCTTTTTTTTTCT 
TGTGTATTAAATTAACATTTTTAAAACGCAGATATTTTGTCAAGGGGCTTTGCATTCAAACTGCT 
TTTCCAGGGCTATACTCAGAAGAAAGATAAAAGTGTGATCTAAGAAAAAGTGATGGTTTTAGGAA 
AGTGAAAATATTTTTGTTTTTGTATTTGAAGAAGAATGATGCATTTTGACAAGAAATCATATATG 
TATGGATATATTTTAATAAGTATTTGAGTACAGACTTTGAGGTTTCATCAATATAT^ATAAAAGAG 
CAGAAAAATATGTCTTGGTTTTCATTTGCTTACCAAAAAAACAACAACAAAAAAAGTTGTCCTTT 
GAGAACTTCACCTGCTCCTATGTGGGTACCTGAGTCAAAATTGTCATTTTTGTTCTGTGAAAAAT 
AAATTTCCTTCTTGTACCATTTCTGTTTAGTTTTACTAAAATCTGTAAATACTGTATTTTTCTGT 
TTATTCCAAATTTGATGAAACTGACAATCCAATTTGAAAGTTTGTGTCGACGTCTGTCTAGCTTA 
AATGAATGTGTTCTATTTGCTTTATACATTTATATTAATAAATTGTACATTTTTCTAATT 
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FIGURE 120 

MATHALEIAGLFLGGVGMVGTVAVTVMPQWRVSAFIENNIVVFENFWEGLWMNCVRQANIRMQCK 
IYDSLLALSPDLQAARGLMCAASVMSFLAFMMAILGMKCTRCTGDNEKVKAHILLTAGIIFIITG 
MVVLIPVSWVANAIIRDFYNSIVNVAQKRELGEALYLGWTTALVLIVGGALFCCVFCCNEKSSSY 
RYSIPSHRTTQKSYHTGKKSPSVYSRSQYV 

Signal peptide: 

amino acids 1-17 

Transmembrane domains : 

amino acids 82-101, 118-145, 164-188 
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FIGURE 121 

GGAGAGAGGCGCGCGGGTGAAAGGCGCATTGATGCAGCCTGCGGCGGCCTCGGAGCGCGGCGGAG 
CCAGACGCTGACCACGTTCCTCTCCTCGGTCTCCTCCGCCTCCAGCTCCGCGCTGCCCGGCAGCC 
GGGAGCC ATG CGACCCCAGGGCCCCGCCGCCTCCCCGCAGCGGCTCCGCGGCCTCCTGCTGCTCC 
TGCTGCTGCAGCTGCCCGCGCCGTCGAGCGCCTCTGAGATCCCCAAGGGGAAGCAAAAGGCGCAG 
CTCCGGCAGAGGGAGGTGGTGGACCTGTATAATGGAATGTGCTTACAAGGGCCAGCAGGAGTGCC 
TGGTCGAGACGGGAGCCCTGGGGCCAATGTTATTCCGGGTACACCTGGGATCCCAGGTCGGGATG 
GATTCAAAGGAGAAAAGGGGGAATGTCTGAGGGAAAGCTTTGAGGAGTCCTGGACACCCAACTAC 
AAGCAGTGTTCATGGAGTTCATTGAATTATGGCATAGATCTTGGGAAAATTGCGGAGTGTACATT 
TACAAAGATGCGTTCAAATAGTGCTCTAAGAGTTTTGTTCAGTGGCTCACTTCGGCTAAAATGCA 
GAAATGCATGCTGTCAGCGTTGGTATTTCACATTCAATGGAGCTGAATGTTCAGGACCTCTTCCC 
ATTGAAGCTATAATTTATTTGGACCAAGGAAGCCCTGAAATGAATTCAACAATTAATATTCATCG 
CACTTCTTCTGTGGAAGGACTTTGTGAAGGAATTGGTGCTGGATTAGTGGATGTTGCTATCTGGG 
TTGGCACTTGTTCAGATTACCCAAAAGGAGATGCTTCTACTGGATGGAATTCAGTTTCTCGCATC 
ATTATTGAAGAACTACCAAAATAAATGCTTTAATTTTCATTTGCTACCTCTTTTTTTATTATGCC 
TTGGAATGGTTCACTTAAATGACATTTTAAATAAGTTTATGTATACATCTGAATGAAAAGCAAAG 
CTAAATATGTTTACAGACCAAAGTGTGATTTCACACTGTTTTTAAATCTAGCATTATTCATTTTG 
CTTCAATCAAAAGTGGTTTCAATATTTTTTTTAGTTGGTTAGAATACTTTCTTCATAGTCACATT 
CTCTCAACCTATAATTTGGAATATTGTTGTGGTCTTTTGTTTTTTCTCTTAGTATAGCATTTTTA 
AAAAAATATAAAAGCTACCAATCTTTGTACAATTTGTAAATGTTAAGAATTTTTTTTATATCTGT 
TAAATAAAAATTATTTCCAACA 
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FIGURE 122 

MRPQGPAAS PQRLRGLLLLLLLQLPAPSSASEIPKGKQKAQLRQREVVDLYNGMCLQGPAGVPGR 
DGSPGANVIPGTPGIPGRDGFKGEKGECLRESFEESWTPNYKQCSWSSLNYGIDLGKIAECTFTK 
MRSNSALRVLFSGSLRLKCRNACCQRWYFTFNGAECSGPLPIEAIIYLDQGSPEMNSTINIHRTS 
SVEGLCEGIGAGLVDVAIWVGTCSDYPKGDASTGWNSVSRI I IEELPK 

Signal peptide: 

amino acids 1-30 



Transmembrane domain: 

amino acids 195-217 
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FIGURE 123 

GCTGAGCGTGTGCGCGGTACGGGGCTCTCCTGCCTTCTGGGCTCCAACGCAGCTCTGTGGCTGAA 
CTGGGTGCTCATCACGGGAACTGCTGGGCTATGGAATACAGATGTGGCAGCTCAGGTAGCCCCAA 
ATTGCCTGGAAGAATACATCATGTTTTTCGAT7\AGAAGAAATTGTAGGATCCAGTTTTTTTTTTA 
ACCGCCCCCTCCCCACCCCCCAAAAAAACTGTAAAGATGCAAAAACGTAATATCCATGAAGATCC 
TATTACCTAGGAAGATTTTGATGTTTTGCTGCGAATGCGGTGTTGGGATTTATTTGTTCTTGGAG 
TGTTCTGCGTGGCTGGCAAAGAATAATGTTCCAAAATCGGTCCATCTCCCAAGGGGTCCAATTTT 
TCTTCCTGGGTGTCAGCGAGCCCTGACTCACTACAGTGCAGCTGACAGGGGCTGTCATGCAACTG 
GCCCCTAAGCCAAAGCAAAAGACCTAAGGACGACCTTTGAACAATACAAAGG ATG GGTTTCAATG 
TTVATTAGGCTACTGAGCGGATCAGCTGTAGCACTGGTTATAGCCCCCACTGTCTTACTGACAATG 
CTTTCTTCTGCCGAACGAGGATGCCCTAAGGGCTGTAGGTGTGAAGGCAAAATGGTATATTGTGA 
ATCTCAGAAATTACAGGAGATACCCTCAAGTATATCTGCTGGTTGCTTAGGTTTGTCCCTTCGCT 
ATAACAGCCTTCAAAAACTTAAGTATAATCAATTTAAAGGGCTCAACCAGCTCACCTGGCTATAC 
CTTGACCATAACCATATCAGCAATATTGACGAAAATGCTTTTAATGGAATACGCAGACTCAAAGA 
GCTGATTCTTAGTTCCAATAGAATCTCCTATTTTCTTAACAATACCTTCAGACCTGTGACAAATT 
TACGGAACTTGGATCTGTCCTATAATCAGCTGCATTCTCTGGGATCTGAACAGTTTCGGGGCTTG 
CGGAAGCTGCTGAGTTTACATTTACGGTCTAACTCCCTGAGAACCATCCCTGTGCGAATATTCCA 
AGACTGCCGCAACCTGGAACTTTTGGACCTGGGATATAACCGGATCCGAAGTTTAGCCAGGAATG 
TCTTTGCTGGCATGATCAGACTCAAAGAACTTCACCTGGAGCACAATCAATTTTCCAAGCTCAAC 
CTGGCCCTTTTTCCAAGGTTGGTCAGCCTTCAGAACCTTTACTTGCAGTGGAATAAAATCAGTGT 
CATAGGACAGACCATGTCCTGGACCTGGAGCTCCTTACAAAGGCTTGATTTATCAGGCAATGAGA 
TCGAAGCTTTCAGTGGACCCAGTGTTTTCCAGTGTGTCCCGAATCTGCAGCGCCTCAACCTGGAT 
TCCAACAAGCTCACATTTATTGGTCAAGAGATTTTGGATTCTTGGATATCCCTCAATGACATCAG 
TCTTGCTGGGAATATATGGGAATGCAGCAGAAATATTTGCTCCCTTGTAAACTGGCTGAAAAGTT 
TTAAAGGTCTAAGGGAGAATACAATTATCTGTGCCAGTCCCAAAGAGCTGCAAGGAGTAAATGTG 
ATCGATGCAGTGAAGAACTACAGCATCTGTGGCAAAAGTACTACAGAGAGGTTTGATCTGGCCAG 
GGCTCTCCCAAAGCCGACGTTTAAGCCCAAGCTCCCCAGGCCGAAGCATGAGAGCAAACCCCCTT 
TGCCCCCGACGGTGGGAGCCACAGAGCCCGGCCCAGAGACCGATGCTGACGCCGAGCACATCTCT 
TTCCATAAAATCATCGCGGGCAGCGTGGCGCTTTTCCTGTCCGTGCTCGTCATCCTGCTGGTTAT 
CTACGTGTCATGGAAGCGGTACCCTGCGAGCATGAAGCAGCTGCAGCAGCGCTCCCTCATGCGAA 
GGCACAGGAAAAAGAAAAGACAGTCCCTAAAGCAAATGACTCCCAGCACCCAGGAATTTTATGTA 
GATTATAAACCCACCAACACGGAGACCAGCGAGATGCTGCTGAATGGGACGGGACCCTGCACCTA 
TAACAAATCGGGCTCCAGGGAGTGTGAGGTATGAACCATTGTGATAAAAAGAGCTCTTAAAAGCT 
GGGAAATAAGTGGTGCTTTATTGAACTCTGGTGACTATCAAGGGAACGCGATGCCCCCCCTCCCC 
TTCCCTCTCCCTCTCACTTTGGTGGCAAGATCCTTCCTTGTCCGTTTTAGTGCATTCATAATACT 
GGTCATTTTCCTCTCATACATAATCAACCCATTGAAATTTAAATACCACAATCAATGTGAAGCTT 
GAACTCCGGTTTAATATAATACCTATTGTATAAGACCCTTTACTGATTCCATTAATGTCGCATTT 
GTTTTAAGATAAAACTTCTTTCATAGGTAAAAAAAAAAA 
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FIGURE 124 

MGFNVIRLLSGSAVALVIAPTVLLTMLSSAERGCPKGCRCEGKMVYCESQKLQEIPSSISAGCLG 
LSLRYNSLQKLKYNQFKGLNQLTWLYLDHNHISNIDENAFNGIRRLKELILSSNRISYFLNNTFR 
PVTNLRNLDLSYNQLHSLGSEQFRGLRKLLSLHLRSNSLRTIPVRIFQDCRNLELLDLGYNRIRS 
LARNVFAGMIRLKELHLEHNQFSKLNLALFPRLVSLQNLYLQWNKISVIGQTMSWTWSSLQRLDL 
SGNEIEAFSGPSVFQCVPNLQRLNLDSNKLTFIGQEILDSWISLNDISLAGNIWECSRNICSLVN 
WLKSFKGLRENTIICASPKELQGVNVIDAVKNYSICGKSTTERFDLARALPKPTFKPKLPRPKHE 
SKPPLPPTVGATEPGPETDADAEHISFHKIIAGSVALFLSVLVILLVIYVSWKRYPASMKQLQQR 
SLMRRHRKKKRQSLKQMTPSTQEFYVDYKPTNTETSEMLLNGTGPCTYNKSGSRECEV 

Important features of the protein: 
Signal peptide: 

amino acids 1-33 

Transmembrane domain: 

amino acids 420-442 

N-glycosylation sites. 

amino acids 126-129, 357-360, 496-499, 504-507 

cAMP- and cGMP-dependent protein kinase phosphorylation site. 

amino acids 4 65-4 68 

Tyrosine kinase phosphorylation site. 

amino acids 136-142 

N-myristoylation sites. 

amino acids 11-16/ 33-38, 245-250, 332-337, 497-502, 507-512 



125/168 



FIGURE 125 

CCGTTATCGTCTTGCGCTACTGCTGA ATG TCCGTCCCGGAGGAGGAGGAGAGGCTTTTGCCGCTG 
ACCCAGAGATGGCCCCGAGCGAGCAAATTCCTACTGTCCGGCTGCGCGGCTACCGTGGCCGAGCT 
AGCAACCTTTCCCCTGGATCTCACAAAAACTCGACTCCAAATGCAAGGAGAAGCAGCTCTTGCTC 
GGTTGGGAGACGGTGCAAGAGAATCTGCCCCCTATAGGGGAATGGTGCGCACAGCCCTAGGGATC 
ATTGAAGAGGAAGGCTTTCTAAAGCTTTGGCAAGGAGTGACACCCGCCATTTACAGACACGTAGT 
GTATTCTGGAGGTCGAATGGTCACATATGAACATCTCCGAGAGGTTGTGTTTGGCAAAAGTGAAG 
ATGAGCATTATCCCCTTTGGAAATCAGTCATTGGAGGGATGATGGCTGGTGTTATTGGCCAGTTT 
TTAGCCAATCCAACTGACCTAGTGAAGGTTCAGATGCAAATGGAAGGAAAAAGGAAACTGGAAGG 
AAAACCATTGCGATTTCGTGGTGTACATCATGCATTTGCAAAAATCTTAGCTGAAGGAGGAATAC 
GAGGGCTTTGGGCAGGCTGGGTACCCAATATACAAAGAGCAGCACTGGTGAATATGGGAGATTTA 
ACCACTTATGATACAGTGAAACACTACTTGGTATTGAATACACCACTTGAGGACAATATCATGAC 
TCACGGTTTATCAAGTTTATGTTCTGGACTGGTAGCTTCTATTCTGGGAACACCAGCCGATGTCA 
T C AAAAGC AGAAT AAT GAAT C AAC C ACG AGAT AAAC AAGGAAGGG G AC T T T T GT AT AAATC AT CG 
ACTGACTGCTTGATTCAGGCTGTTCAAGGTGAAGGATTCATGAGTCTATATAAAGGCTTTTTACC 
ATCTTGGCTGAGAATGACCCCTTGGTCAATGGTGTTCTGGCTTACTTATGAAAAAATCAGAGAGA 
TGAGTGGAGTCAGTCCATTT TAA 
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FIGURE 126 

MSVPEEEERLLPLTQRWPRASKFLLSGCAATVAELATFPLDLTKTRLQMQGEAALARLGDGARES 
APYRGMVRTALGIIEEEGFLKLWQGVTPAIYRHVVYSGGRMVTYEHLREVVFGKSEDEHYPLWKS 
VIGGMMAGVIGQFLANPTDLVKVQMQMEGKRKLEGKPLRFRGVHHAFAKILAEGGIRGLWAGWVP 
NIQRAALVNMGDLTTYDTVKHYLVLNTPLEDNIMTHGLSSLCSGLVASILGTPADVIKSRIMNQP 
RDKQGRGLLYKSSTDCLIQAVQGEGFMSLYKGFLPSWLRMTPWSMVFWLTYEKIREMSGVSPF 



Transmembrane domains : 

amino acids 25-38, 130-147, 233-248 



127/168 



FIGURE 127 

CGCGGATCGGACCCAAGCAGGTCGGCGGCGGCGGCAGGAGAGCGGCCGGGCGTCAGCTCCTCGAC 
CCCCGTGTCGGGCTAGTCCAGCGAGGCGGACGGGCGGCGTGGGCCC ATG GCCAGGCCCGGCATGG 
AGCGGTGGCGCGACCGGCTGGCGCTGGTGACGGGGGCCTCGGGGGGCATCGGCGCGGCCGTGGCC 
CGGGCCCTGGTCCAGCAGGGACTGAAGGTGGTGGGCTGCGCCCGCACTGTGGGCAACATCGAGGA 
GCTGGCTGCTGAATGTAAGAGTGCAGGCTACCCCGGGACTTTGATCCCCTACAGATGTGACCTAT 
CAAATGAAGAGGACATCCTCTCCATGTTCTCAGCTATCCGTTCTCAGCACAGCGGTGTAGACATC 
TGCATCAACAATGCTGGCTTGGCCCGGCCTGACACCCTGCTCTCAGGCAGCACCAGTGGTTGGAA 
GGACATGTTCAATGTGAACGTGCTGGCCCTCAGCATCTGCACACGGGAAGCCTACCAGTCCATGA 
AGGAGCGGAATGTGGACGATGGGCACATCATTAACATCAATAGCATGTCTGGCCACCGAGTGTTA 
CCCCTGTCTGTGACCCACTTCTATAGTGCCACCAAGTATGCCGTCACTGCGCTGACAGAGGGACT 
GAGGCAAGAGCTTCGGGAGGCCCAGACCCACATCCGAGCCACGTGCATCTCTCCAGGTGTGGTGG 
AGACACAATTCGCCTTCAAACTCCACGACAAGGACCCTGAGAAGGCAGCTGCCACCTATGAGCAA 
ATGAAGTGTCTCAAACCCGAGGATGTGGCCGAGGCTGTTATCTACGTCCTCAGCACCCCCGCACA 
CATCCAGATTGGAGACATCCAGATGAGGCCCACGGAGCAGGTGACC TAG TGACTGTGGGAGCTCC 
TCCTTCCCTCCCCACCCTTCATGGCTTGCCTCCTGCCTCTGGATTTTAGGTGTTGATTTCTGGAT 
CACGGGATACCACTTCCTGTCCACACCCCGACCAGGGGCTAGAAAATTTGTTTGAGATTTTTATA 
TCATCTTGTCAAATTGCTTCAGTTGTAAATGTGAAAAATGGGCTGGGGAAAGGAGGTGGTGTCCC 
TAATTGTTTTACTTGTTT^ACTTGTTCTTGTGCCCCTGGGCACTTGGCCTTTGTCTGCTCTCAGTG 
TCTTCCCTTTGACATGGGAAAGGAGTTGTGGCCAAAATCCCCATCTTCTTGCACCTCAACGTCTG 
TGGCTCAGGGCTGGGGTGGCAGAGGGAGGCCTTCACCTTATATCTGTGTTGTTATCCAGGGCTCC 
AGACTTCCTCCTCTGCCTGCCCCACTGCACCCTCTCCCCCTTATCTATCTCCTTCTCGGCTCCCC 
AGCCCAGTCTTGGCTTCTTGTCCCCTCCTGGGGTCATCCCTCCACTCTGACTCTGACTATGGCAG 
CAGAACACCAGGGCCTGGCCCAGTGGATTTCATGGTGATCATTAAAAAAGAAAAATCGCAACCAA 
AAAAAAAAAA 
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FIGURE 128 

MARPGMERWRDRLALVTGASGGIGAAVARALVQQGLKVVGCARTVGNIEELAAECKSAGYPGTLI 
PYRCDLSNEEDILSMFSAIRSQHSGVDICINNAGLARPDTLLSGSTSGWKDMFNVNVLALSICTR 
EAYQSMKERNVDDGHIININSMSGHRVLPLSVTHFYSATKYAVTALTEGLRQELREAQTHIRATC 
ISPGVVETQFAFKLHDKDPEKAAATYEQMKCLKPEDVAEAVIYVLSTPAHIQIGDIQMRPTEQVT 

Important features of the protein: 
Signal peptide: 

amino acids 1-17 

N-myristoylation sites. 

amino acids 18-24, 21-27, 22-28, 24-30, 40-46, 90-96, 109-115, 199-205 



Short-chain alcohol dehyrogenase . 

amino acids 30-42, 104-114 
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FIGURE 129 

AACTTCTACATGGGCCTCCTGCTGCTGGTGCTCTTCCTCAGCCTCCTGCCGGTGGCCTACACCAT 
CATGTCCCTCCCACCCTCCTTTGACTGCGGGCCGTTCAGGTGCAGAGTCTCAGTTGCCCGGGAGC 
ACCTCCCCTCCCGAGGCAGTCTGCTCAGAGGGCCTCGGCCCAGAATTCCAGTTCTGGTTTCATGC 
CAGCCTGTAAAAGGCCATGGAACTTTGGGTGAATCACCGATGCCATTTAAGAGGGTTTTCTGCCA 
GGATGGAAATGTTAGGTCGTTCTGTGTCTGCGCTGTTCATTTCAGTAGCCACCAGCCACCTGTGG 
CCGTTGAGTGCTTGAAA TGA GGAACTGAGAAAATTAATTTCTCATGTATTTTTCTCATTTATTTA 
TTAATTTTTAACTGATAGTTGTACATATTTGGGGGTACATGTGATATTTGGATACATGTATACAA 
TATATAATGATCAAATCAGGGTAACTGGGATATCCATCACATCAAACATTTATTTTTTATTCTTT 
TTAGACAGAGTCTCACTCTGTCACCCAGGCTGGAGTGCAGTGGTGCCATCTCAGCTTACTGCAAC 
CTCTGCCTGCCAGGTTCAAGCGATTCTCATGCCTCCACCTCCCAAGTAGCTGGGACTACAGGCAT 
GCACCACAATGCCCAACTAATTTTTGTATTTTTAGTAGAGACGGGGTTTTGCCATGTTGCCCAGG 
CTGGCCTTGAACTCCTGGCCTCAAACAATCCACTTGCCTCGGCCTCCCAAAGTGTTATGATTACA 
GGCGTGAGCCACCGTGCCTGGCCTAAACATTTATCTTTTCTTTGTGTTGGGAACTTTGAAATTAT 
ACAATGAATTATTGTTAACTGTCATCTCCCTGCTGTGCTATGGAACACTGGGACTTCTTCCCTCT 
ATCTAACTGTATATTTGTACCAGTTAACCAACCGTACTTCATCCCCACTCCTCTCTATCCTTCCC 
AACCTCTGATCACCTCATTCTACTCTCTACCTCCATGAGATCCACTTTTTTAGCTCCCACATGTG 
AGTAAGAAAATGCAATATTTGTCTTTCTGTGCCTGGCTTATTTCACTTAACATAATGACTTCCTG 
TTCCATCCATGTTGCTGCAAATGACAGGATTTCGTTCTTAATTTCAATTAAAATAACCACACATG 
GCAAAAA 
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FIGURE 130 

MGLLLLVLFLSLLPVAYTIMSLPPSFDCGPFRCRVSVAREHLPSRGSLLRGPRPRIPVLVSCQPV 
KGHGTLGESPMPFKRVFCQDGNVRSFCVCAVHFSSHQPPVAVECLK 

Important features of the protein: 
Signal peptide: 

amino acids 1-18 

N-myristoylation site. 

amino acids 86-92 

Zinc carboxypeptidases , zinc-binding region 2 signature. 

amino acids 68-79 
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FIGURE 131 

TTCTGAAGTAACGGAAGCTACCTTGTATAAAGACCTCAACACTGCTGACCATGATCAGCGCAGCC 
TGGAGCATCTTCCTCATCGGGACTAAAATTGGGCTGTTCCTTCAAGTAGCACCTCTATCAGTTAT 
GGCTAAATCCTGTCCATCTGTGTGTCGCTGCGATGCGGGTTTCATTTACTGTAATGATCGCTTTC 
TGACATCCATTCCAACAGGAATACCAGAGGATGCTACAACTCTCTACCTTCAGAACAACCAAATA 
AATAATGCTGGGATTCCTTCAGATTTGAAAAACTTGCTGAAAGTAGAAAGAATATACCTATACCA 
CAACAGTTTAGATGAATTTCCTACCAACCTCCCAAAGTATGTAAAAGAGTTACATTTGCAAGAAA 
ATAACATAAGGACTATCACTTATGATTCACTTTCAAAAATTCCCTATCTGGAAGAATTACATTTA 
GATGACAACTCTGTCTCTGCAGTTAGCATAGAAGAGGGAGCATTCCGAGACAGCAACTATCTCCG 
ACTGCTTTTCCTGTCCCGTAATCACCTTAGCACAATTCCCTGGGGTTTGCCCAGGACTATAGAAG 
AACTACGCTTGGATGATAATCGCATATCCACTATTTCATCACCATCTCTTCAAGGTCTCACTAGT 
CTAAAACGCCTGGTTCTAGATGGAAACCTGTTGAACAATCATGGTTTAGGTGACAAAGTTTTCTT 
CAACCTAGTTAATTTGACAGAGCTGTCCCTGGTGCGGAATTCCCTGACTGCTGCACCAGTAAA.ee 
TTCCAGGCACAAACCTGAGGAAGCTTTATCTTCAAGATAACCACATCAATCGGGTGCCCCCAAAT 
GCTTTTTCTTATCTAAGGCAGCTCTATCGACTGGATATGTCCAATAATAACCTAAGTAATTTACC 
TCAGGGTATCTTTGATGATTTGGACAATATAACACAACTGATTCTTCGCAACAATCCCTGGTATT 
GCGGGTGCAAGATGAAATGGGTACGTGACTGGTTACAATCACTACCTGTGAAGGTCAACGTGCGT 
GGGCTCATGTGCCAAGCCCCAGAAAAGGTTCGTGGGATGGCTATTAAGGATCTCAATGCAGAACT 
GTTTGATTGTAAGGACAGTGGGATTGTAAGCACCATTCAGATAACCACTGCAATACCCAACACAG 
TGTATCCTGCCCAAGGACAGTGGCCAGCTCCAGTGACCAAACAGCCAGATATTAAGAACCCCAAG 
CTCACTAAGGATCAACAAACCACAGGGAGTCCCTCAAGAAAAACAATTACAATTACTGTGAAGTC 
TGTCACCTCTGATACCATTCATATCTCTTGGAAACTTGCTCTACCTATGACTGCTTTGAGACTCA 
GCTGGCTTAAACTGGGCCATAGCCCGGCATTTGGATCTATAACAGAAACAATTGTAACAGGGGAA 
CGCAGTGAGTACTTGGTCACAGCCCTGGAGCCTGATTCACCCTATAAAGTATGCATGGTTCCCAT 
GGAAACCAGCAACCTCTACCTATTTGATGAAACTCCTGTTTGTATTGAGACTGAAACTGCACCCC 
TTCGAATGTACAACCCTACAACCACCCTCAATCGAGAGCAAGAGAAAGAACCTTACAAAAACCCC 
AATTTACCTTTGGCTGCCATCATTGGTGGGGCTGTGGCCCTGGTTACCATTGCCCTTCTTGCTTT 
AGTGTGTTGGTATGTTCATAGGAATGGATCGCTCTTCTCAAGGAACTGTGCATATAGCAAAGGGA 
GGAGAAGAAAGGATGACTATGCAGAAGCTGGCACTAAGAAGGACAACTCTATCCTGGAAATCAGG 
GAAACTTCTTTTCAGATGTTACCAATAAGCAATGAACCCATCTCGAAGGAGGAGTTTGTAATACA 
CACCATATTTCCTCC T AAT GG AAT G AAT CT G T AC AAAAAC AAT C AC AGT G AAAGC AG T AGT AAC C 
GAAGCTACAGAGACAGTGGTATTCCAGACTCAGATCACTCACACTC ATGA TGCTGAAGGACTCAC 
AGCAGACTTGTGTTTTGGGTTTTTTAAACCTAAGGGAGGTGATGGT 
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FIGURE 132 

MISAAWSIFLIGTKIGLFLQVAPLSVMAKSCPSVCRCDAGFIYCNDRFLTSIPTGIPEDATTLYL 
QNNQINNAGIPSDLKNLLKVERIYLYHNSLDEFPTNLPKYVKELHLQENNIRTITYDSLSKIPYL 
EELHLDDNSVSAVSIEEGAFRDSNYLRLLFLSRNHLSTIPWGLPRTIEELRLDDNRISTISSPSL 
QGLTSLKRLVLDGNLLNNHGLGDKVFFNLVNLTELSLVRNSLTAAPVNLPGTNLRKLYLQDNHIN 
RVPPNAFSYLRQLYRLDMSNNNLSNLPQGIFDDLDNITQLILRNNPWYCGCKMKWVRDWLQSLPV 
KVNVRGLMCQAPEKVRGMAIKDLNAELFDCKDSGIVSTIQITTAIPNTVYPAQGQWPAPVTKQPD. 
IKNPKLTKDQQTTGSPSRKTITITVKSVTSDTIHISWKLALPiyiTALRLSWLKLGHSPAFGSITET 
IVTGERSEYLVTALEPDSPYKVCMVPMETSNLYLFDETPVCIETETAPLRMYNPTTTLNREQEKE 
PYKNPNLPLAAIIGGAVALVTIALLALVCWYVHRNGSLFSRNCAYSKGRRRKDDYAEAGTKKDNS 
ILEIRETSFQMLPISNEPISKEEFVIHTIFPPNGMNLYKNNHSESSSNRSYRDSGIPDSDHSHS 

Important features of the protein: 
Signal peptide: 

amino acids 1-28 
Transmembrane domain: 
amino acids 531-552 
N-glycosylation sites. 

amino acids 226-229, 282-285, 296-299, 555-558, 626-629, 633-636 
Tyrosine kinase phosphorylation site, 
amino acids 515-522 
N-myristoylation sites. 

amino acids 12-17, 172-177, 208-213, 359-364, 534-539, 556-561, 
640-645 

Amidation site. 

amino acids 567-570 
Leucine zipper pattern. 

amino acids 159-180 

Phospholipase A2 aspartic acid active site. 

amino acids 34-44 
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FIGURE 133 

CCGTCATCCCCCTGCAGCCACCCTTCCCAGAGTCCTTTGCCCAGGCCACCCCAGGCTTCTTGGCA 
GCCCTGCCGGGCCACTTGTCTTCATGTCTGCCAGGGGGAGGTGGGAAGGAGGTGGGAGGAGGGCG 
TGCAGAGGCAGTCTGGGCTTGGCCAGAGCTCAGGGTGCTGAGCGTGTGACCAGCAGTGAGCAGAG 
GCCGGCCATGGCCAGCCTGGGGCTGCTGCTCCTGCTCTTACTGACAGCACTGCCACCGCTGTGGT 
CCTCCTCACTGCCTGGGCTGGACACTGCTGAAAGTAAAGCCACCATTGCAGACCTGATCCTGTCT 
GCGCTGGAGAGAGCCACCGTCTTCCTAGAACAGAGGCTGCCTGAAATCAACCTGGATGGCATGGT 
GGGGGTCCGAGTGCTGGAAGAGCAGCTAAAAAGTGTCCGGGAGAAGTGGGCCCAGGAGCCCCTGC 
TGCAGCCGCTGAGCCTGCGCGTGGGGATGCTGGGGGAGAAGCTGGAGGCTGCCATCCAGAGATCC 
CTCCACTACCTCAAGCTGAGTGATCCCAAGTACCTAAGAGAGTTCCAGCTGACCCTCCAGCCCGG 
GTTTTGGAAGCTCCCACATGCCTGGATCCACACTGATGCCTCCTTGGTGTACCCCACGTTCGGGC 
CCCAGGACTCATTCTCAGAGGAGAGAAGTGACGTGTGCCTGGTGCAGCTGCTGGGAACCGGGACG 
GACAGCAGCGAGCCCTGCGGCCTCTCAGACCTCTGCAGGAGCCTCATGACCAAGCCCGGCTGCTC 
AGGCTACTGCCTGTCCCACCAACTGCTCTTCTTCCTCTGGGCCAGAATGAGGGGATGCACACAGG 
GACCACTCCAACAGAGCCAGGACTATATCAACCTCTTCTGCGCCAACATGATGGACTTGAACCGC 
AGAGCTGAGGCCATCGGATACGCCTACCCTACCCGGGACATCTTCATGGAAAACATCATGTTCTG 
TGGAATGGGCGGCTTCTCCGACTTCTACAAGCTCCGGTGGCTGGAGGCCATTCTCAGCTGGCAGA 
AACAGCAGGAAGGATGCTTCGGGGAGCCTGATGCTGAAGATGAAGAATTATCTAAAGCTATTCAA 
TATCAGCAGCATTTTTCGAGGAGAGTGAAGAGGCGAGAAAAACAATTTCCAGATTCTCGCTCTGT 
TGCTCAGGCTGGAGTACAGTGGCGCAATCTCGGCTCACTGCAACCTTTGCCTCCTGGGTTCAAGC 
AATTCTCTTGCCTCATCCTCCCGAGTAGCTGGGACTACAGGAGCGTGCCACCATACCTGGCTAAT 
TTTTATATTTTTTTAGTAGAGACAGGGTTTCATCATGTTGCTCATGCTGGTCTCGAACTCCTGAT 
CTCAAGAGATCCGCCCACCTCAGGCTCCCAAAGTGTGGGATTATAGGTGTGAGCCACCGTGTCTG 
GCTGAAAAGCACTTTCAAAGAGACTGTGTTGAATAAAGGGCCAAGGTTCTTGCCACCCAGCACTC 
ATGGGGGCTCTCTCCCCTAGATGGCTGCTCCTCCCACAACACAGCCACAGCAGTGGCAGCCCTGG 
GTGGCTTCCTATACATCCTGGCAGAATACCCCCCAGCAAACAGAGAGCCACACCCATCCACACCG 
CCACCACCAAGCAGCCGCTGAGACGGACGGTTCCATGCCAGCTGCCTGGAGGAGGAACAGACCCC 
TTTAGTCCTCATCCCTTAGATCCTGGAGGGCACGGATCACATCCTGGGAAGAAGGCATCTGGAGG 
ATAAGCAAAGCCACCCCGACACCCAATCTTGGAAGCCCTGAGTAGGCAGGGCCAGGGTAGGTGGG 
GGCCGGGAGGGACCCAGGTGTGAACGGATGAATAAAGTTCAACTGCAACTGAAAAAAAAAAA 
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FIGURE 134 

MSARGRWEGGGRRACRGSLGLARAQGAERVTSSEQRPAMASLGLLLLLLLTALPPLWSSSLPGLD 
TAESKATIADLILSALERATVFLEQRLPEINLDGMVGVRVLEEQLKSVREKWAQEPLLQPLSLRV 
GMLGEKLEAAIQRSLHYLKLSDPKYLREFQLTLQPGFWKLPHAWIHTDASLVYPTFGPQDSFSEE 
RSDVCLVQLLGTGTDSSEPCGLSDLCRSLMTKPGCSGYCLSHQLLFFLWARMRGCTQGPLQQSQD 
YINLFCANMMDLNRRAEAIGYAYPTRDIFMENIMFCGMGGFSDFYKLRWLEAILSWQKQQEGCFG 
EPDAEDEELSKAIQYQQHFSRRVKRREKQFPDSRSVAQAGVQWRNLGSLQPLPPGFKQFSCLILP 
SSWDYRSVPPYLANFYIFLVETGFHHVAHAGLELLISRDPPTSGSQSVGL 

Important features of the protein: 
Signal peptide: 

amino acids 1-26 

Transmembrane domain: 

amino acids 39-56 

Tyrosine kinase phosphorylation sites. 

amino acids 149-156, 274-282 

N-myristoylation sites. 

amino acids 10-16, 20-26, 63-69, 208-214 

Amidation site. 

amino acids 10-14 

Glycoprotein hormones beta chain signature 1. 

amino acids 230-237 



EXHIBIT 1 



MOLECULAR BIOLOGY OF 

THE CELL 

THIRD EDITION 



Text Editor Miranda Robertson 
Managing Editor: Ruth Adams 
Illustrator Nigel Orme 

Molecular Model Drawings: Kate Hesketh-Moore 
Director of Electronic Publishing: John M-Roblin 
Computer Specialist: Chuck Bartelt 
Disk Preparation: Carol Winter 
Copy Editor: Shirley M. Cobert 
Production Editor Douglas Goertzen 
Production Coordinator Perry Bessas 
Indexer Maija Hinkle 

Bruce Alberts received his Ph:D. from Harvard University and is 
currently President of the National Academy of Sciences and Professor 
of Biochemistry and Biophysics at the University of California, San 
Francisco. Dennis Bray received his PhD. from the Massachusetts 
Institute of Technology and is currently a Medical Research Council 
Fellow in the Department of Zoology, University of Cambridge. 
Julian Lewis received his D.Phil. from the University of Oxford and is 
currently a Senior Scientist in the Imperial Cancer Research Fund 
Developmental Biology Unit, University of Oxford, Martin Raffieceived 
his M.D. from McGill University and is currently a Professor in the MRC 
Laboratory for Molecular Cell Biology and the Biology Department, 
University College London. Keith Roberts received his Ph.D. from the 
University of Cambridge and is currently Head of the Department of Cell 
Biology, the John Innes Institute, Norwich. James D. Watson received his 
Ph.D. from Indiana University and is currently Director of the Cold Spring 
Harbor Laboratory. He is the author of Molecular Biology of the Gene and, 
with Francis Crick and Maurice VVllkins, won the Nobel Prize in Medicine 
and Physiology in 1962. 

© 1983, 1989, 1994 by Bruce Alberts, Dennis Bray, Julian Lewis, 
Martin Raff, Keith Roberts, and James D. Watson. 

All rights reserved. No part of this book covered by the copyright hereon 
may be reproduced or used in any form or by any means — graphic, 
electronic, or mechanical, including photocopying, recording, taping, or 
information storage and retrieval systems— without permission of the 
publisher. 



library of Congress Cataloging- in-Publlcation Data 
Molecular biology of the cell / Bruce Alberts ... let al.].— 3rd ed. 
p. cm. 

Includes bibliographical references and index. 

ISBN 0-8153-1619-4 (hard cover).— ISBN 0-8153-1620-8 (pbk.) 

1, Cytology. 2. Molecular biology. I. Alberts, Bruce. 

[DNLM: 1. Cells. 2. Molecular Biology. QH 581.2 M718 1994] 
QH581.2.M64 1994 
574.87-<lc20 
DNLM/DLC 

for Library of Congress 93-45907 

CIP 

Published by Garland Publishing, Inc. 
717FifthAvenue,NewYork,NY 10022 

Printed in the United States of America 
15 14 13 12 10 9 8 7 



Front covert The photograph shows a rat nerve cell 
in culture. It is labeled (yellow) with a fluorescent 
antibody that stains its cell body and dendritic 
processes. Nerve terminals ( green) from other 
neurons (not visible), which have made synapses on 
the cell, are labeled with a different antibody. 
(Courtesy of Olaf Mundigl and Pietro de Camilli.) 

Dedication page: Gavin Borden, late president 
of Garland Publishing, weathered in during his 
mid-1980s climb near Mount McKInley with 
MBoC author Bruce Alberts and famous mountaineer 
guide Mugs Stump (1940-1992). 

Back coven The authors, in alphabetical order, 
crossing Abbey Road in London on their way to lunch. 
Much of this third edition was written in a house just 
around the comer. (Photograph by Richard Olivier.) 



^tracts. If these minor cell proteins differ among cells to the same extent as the 
:i fljore abundant proteins, as is commonly assumed, only a small number of pro- 
tein differences (perhaps several hundred) suffice to create very large differences 
in cell morphology and behavior. 

A Cell Can Change the Expression of Its Genes 
in Response to External Signals 3 

Most of the specialized cells in a multicellular organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer present, the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
a general feature of cell specializations-different cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 
genes. 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 4 

If differences between the various cell types of an organism depend on the par- 
ticular genes that the cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
afl of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling when and how often a given gene is transcribed (tran- 
scriptional control), (2) controlling how the primary RNA transcript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
mRNAs in the cell nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(transitional control), (5) selectively destabilizing certain mRNA molecules in 
toe cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, pr compartmentalizing specific protein molecules after they have been 
made (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 9-2, only transcript 
onal control ensures that no superfluous intermediates are synthesized. In the 
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Figure 9-2 Six steps at which 
eucaryote gene expression can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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following sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals from 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins 5 

How does a cell determine which of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site wjiere transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 

Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics 6 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in proteins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fractionating cell extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 
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Figure 0-3 Double-helical structure 
of DNA. The major and minor grooves 
on the outside of the double helix, are 
indicated. The atoms are colored as 
follows: carbon, dark blue; nitrogen 
light blue; hydrogen, white; oxygen* 
red; phosphorus, yellow. 



404 Chapter 9 : Control of Gene Expression 



i yiUIBJ«mHlHvHJBflflitffl 

methylation of most 
CO sequences in 
germ line 



5, 1 1 » 



RNA 



many millions of years 
of evolution 



1000 nucleotide pairs 



Figure 9-71 A mechanism to explain 
both the marked deficiency of CG 
sequences and the presence of CG 
Islands in vertebrate genomes. A 
black line marks the location of an 
unmethylated CG dinucleotide in the 
DNA sequence, while a red line marks 
the location of a methylated CG 
dinucleotide. 
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Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many spe- 
cialized animal cells can maintain their unique character when grown in culture, the 
gene regulatory mechanisms involved in creating them must be stable once estab- 
lished and heritable when the cell divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be rel- 
evant to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other, this can create a flip-flop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rect or indirect positive feedback loops, which enable gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generally controlled by combinations of gene 
regulatory proteins. It is thought that each type of cell in a higher eucaryotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, intierited states of chromatin 
condensation are also utilized by eucaryotic cells to regulate gene expression In ver- 
tebrates DNA methylation also plays a part, mainly as a device to reinforce decisions 
about gene expression that are made initially by other mechanisms. 



Posttranscriptional Controls 

Although controls on the initiation of gene transcription are the predominant 
»nn of regulation for most genes, other controls can act later in the pathway 
jrom RNA to protein to modulate the amount of gene product that is made. Al- 
™ugh these posttranscriptional controls, which operate after RNA polymerase 
as bound to the gene's promoter and begun RNA synthesis, are less common 
an transcriptional control, for many genes they are crucial. It seems that every 
. m Sene expression that could.be controlled in principle is likely to be regu- 
a «d under some circumstances for some genes. 

We consider the varieties of posttranscriptional regulation in temporal or- 
» according to the sequence of events that might be experienced by an RNA 
tecule after its transcription has begun (Figure 9-72). 



START RNA 
TRANSCRIPTION 



POSSIBLE 
ATTENUATION 

SPUCING 
. AND 3'*END 
CLEAVAGE 

NUCLEAR 
EXPORT 



SPATIAL 
LOCALIZATION 
IN CYTOPLASM 

POSSIBLE 
RNA EDITING 

START 
TRANSLATION 

POSSIBLE 
TRANSLATIONAL 
RECOD1NG 

POSSIBLE 
RNA 
STABILIZATION 



. RNA 
' transcript 
aborts 

nonfunctional 
" mRNA 
sequences 

retention 
** in nucleus 



1 — \ 



translation 
blocked 



RNA degraded 



CONTINUED 
PROTEIN SYNTHESIS 

Figure 9-72 Possible post- 
transcriptional controls on gene 
expression. Only a few of these 
controls are likely to be used for any 
one gene. 
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CHAPTER 29 



Regulation of transcription 



flic phenoxypic differences llwi distinguish the 
lft riouS kmds or veils in a Higher en tar vote are 
lately due to* differences* ui the expression of* 
fW1 es that code fnr proteins, that is. those tran- 
^ribcd hy RNA polymerase II. hi principle* the 
Repression of lliese ^onw might lie re gulaied al 
an v one or several stages. Tl>e concept of ihe 
-level of control" implies that gene expression 
Is pol necessarily ail automatic process once il 
Has begun. II could lie regulated in a gene- 
specific way al any one or several sequential 
jicps- We can distinguish (nt least) five poten- 
tial control pofnts. forming Ihe series: 

Activation or genr simvuitv 
i 

liritialum of transcription 
1 

Processing tin* tniiuwipj 
X 

transport lo cvloplasm 
X 

Translation of mRXA 

The existence of Ihr firsl Mep is implied by 
ihe discovery Hint genes may esisi in either of 
nvo structural conditions. Metallic u> the stale 
nf most of the genuine, genes are found in 
mi -active" slate hi the cells In which ihey 
are expressed (see Chapter ST|. The change of 
structure Is distinct from ihe aci oC transcript 
lion, and indicates dial the gene is Iranscrib- 
able.*" This suggests thai acquisition or the 
•"active'" structure must he ihe first step In gene 
expression. 

Transcription of a gene In ihe active stale is 



controlled al the stage of imitation, thai Is. by 
the interaction or RNA polymerase with Us pro- 
moter. This Is now becoming susreptlhte to 
analysis in tlie in vim sysic.ms (see Chapter 
in). For most genes, this Is a uia|or control 
point: probably it is the most common level of 
regulation. 

There is al present no evidence for control 
at subsequent stages of transcription in entary- 
olic cells, far example via a utile mil nation 
mechanisms. 

The primary transcript is modified by capping 
at ibe 5' end. and usually also by potyadenyla- 
tton at the V end. uurons must 1>e spliced out 
fruhi die transcripts of interrupted genes. Tlie 
mature UNA must he exported nmra the nucleus 
to Ibe cytoplasm. Regulation or gene expression 
hy selection or sequences al the Irvef of nuclear 
UNA might involve any or all or these stages, 
hul the one for which we have most evidence 
concerns changes in splicing: some genes are 
expressed by means or alternative splicing pat- 
terns whose regulation controls ihe lype of pro- 
lehi producl (see Chapter 30). 

Finally. Ihe translation ofau mKNA In tlie cyto- 
plasm can lie specifically controlled. There is little 
evidence for the employment or this mechanism in 
adult somatic cells. bu| it does occur In some 
embryonic situations, as described In Chapter 
-Tlie mechanism is presumed to involve the block- 
ing or InMflilon of translation or some mRNAs by 
specific protein factors. 

Bui having acknowledged thai control of gene 
expression can occur at muiUple singes, and 
that production of RNA cannot inevitably be 
equated with production of protein, it Is clear 



;ic 



m I Chapter 29 



that the overwhelming * majority or regulatory 
.events occur at ihe initiation or transcription. 
Regulation or ttssue-specinc gene transcription 
lies al the heart of eukaryotic differentiation; 
indeed, we see examples in Chapter 3d in 
which proteins lhat regulate embryonic devel- 
opment prove to be transcription factors, A reg- 
ulatory transcription factor serves lo provide 



common control of a large number of target 
genes, and we seek lo answer two questions 
about this mode of regulation: whaj identifies 
the common target genes to the transcription 
fact on and how is the activity of the transcrip- 
tion factor iiseir regulated in response to iiiiriii- 
sic or extrinsic signals? 



Response ekmenls identify genes under common 
regulation 



The principle lhat emerges from characterizing 
groups of genes under common control is thai 
they share a promoter element lhat is recognized 
by o regntotory transaiplion factor. An element 
that causes d gene to respond to such a factor 
is called a 'response dement; examples are the 
HSE (heat shock response element), GWS 
(glucocorticoid response element), SHE (serum 
response element). 

The properties oT some inducible transcription 
factors and the elements that they recognise are 
summarized in. Table 29.1, Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily Identical. The region bound by the factor 
extends for a short distance on either side of 



Table 29.1 Inducible lranscr:pi.on feelers bind ic 
rospor.su clunienls thai identify grcups cl rmnciers 
or mhancsrs subject id cocfdinato ccrtrcl. 



Reout&toiy Agent Macula Consensus 



Factor 



Heal the* HSE CMNGAANNTCCNNG HOT 

GtucowttawJ GfiE TGQTACMATGTTC7 Btceplor 

Pnertx* aster THE TGACTCA API 

SflE CCATATTAGG SRF 



the consensus sequence, in promoters, the elr* 
ments are not present at fixed distances from 
the startpoinf , but' are usually <200 Up upstream 
of II. The presence of a single element usually 
is sufficient to confer the -regulatory response, 
but sometimes there are multiple copies. 

Response elements may be located , in p* 0 " 
moters or In enhancers. Somx types of element 
are typically found in one rather than the ©trier, 
usually an HSE Is found In a promoter, while * 
ORE is found in an enhancer- We assume fo# 
all response elements function by ihe ** n,f 
general principle. A §<ne is ngulaiuf k* " 
sequence at ttie promoter or enhancer (hat * 
recognized by a specific protein. The 
Junctions as o transcription factor nteded M 
rt/Vi polymerase to initiate. * Active protein * 
available only under conditions when the, p 
to be expressed; its absence means that ft* 
motet- is not activated by this particular 

An example of a situation in which 
genes art controlled by a single factor & 
\1ded by the heal shock response. This to ^ 
rnort lo a wide range of prokaryotes 9 ^ 
eukaryoles and involves multiple «i" |r ^ S llff 
gene expression; an increase in temp* 1 *"^ 
turns off transcription of some genes. iattt * 
transcription of the heat shock 5* nfi5, R » s -^ 
causes changes in the translation of 
The control of the heal shock genes w ] u f ,f ^pil 
the differences between prokaryoi* ^, 
eukaryotic modes or control. In. bacteria. a ^ 
srgma factor is synthesized that d |irC,$ pjjff 
polymerase holoenzyme to recognize on. 
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Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/Ly-6 family of 
glycosylphosphatidylinositol (GPI)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA in clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemica! (IHC) and in situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was semiquantitative!/ scored by assessing both the 
percentage and intensity of PSCA-positive staining cells in the specimens. Then .compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN, PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression in 8 of 1 1 (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05, respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < 0.05, respectively). In addition, IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and 
speculatively with prostate carcinogenesis. PSCA protein overexpression results from up regulated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China. Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lack of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatase, glandular kallikrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea. 

Reiter RE et al [1] reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of the Thy-l/Ly-6 family and is anchored by 
a glycosyiphosphatidylinositol (GPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n ■ 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n * 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 
Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other treated 
with 4% paraformaldehyde/0. 1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
um sections and mounted on the glass slides specific for 
IHC and ISH respectively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score [2]. 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGPIN, 
grade HI) on the basis of literatures [3,4]. 

I mmunohisto chemical (IHC) analysis 

Briefly, tissue sections were deparaffinized, dehydrated, 
and subjected to miaowaving in 10 mmol/L citrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1 :100 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3'-diaminobenzidine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-buffered-saline (PBS) 
served as a negative-staining control. 

mRNA in situ hybridization (ISH) 

Five-um-thick tissue sections were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% citric acid) for 20 min at 37.5 °C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and antisense 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48 °C 
overnight. The posthybridization wash with a high strin- 
gency was performed sequentially at 37° C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0.2 x SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anti-digoxigenin antibody at 
37.5 °C for 1 h followed by washing in 1 x PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5°C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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Table I: Correlation of PSCA expression with Gleason score 



Intensity x frequency 



Gleason score 



0-6 (%) 



9(%) 



2-4 
5-7 
8-10 



5(83) 
19(79) 
5(28) 



1(17) 
5(21) 
13(72) 



Table 2: Correlation of PSCA expression with clinical stage 



Intensity * frequency 



Tumor stage 



0-4 (%) 



9<%) 



SB 



27 (67.5) 
2(25) 



13(323) 
6(75) 



teistained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA 
immunostaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
ently experienced urological pathologists using Olympus 
BX-41 light microscopes. The evaluation was done in a 
blinded fashion. For each section, five areas of similar 
grade were analyzed semiquantitatively for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0/ no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 = positive staining 
in 25%-50% of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
[1,5). In this way, we were able to differentiate specimens 
that may have had focal areas of increased staining from 
those that had diffuse areas of increased staining [6]. The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's t-test. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen-independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA (£2 scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 11 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Strong PSCA pro- 
tein and mRNA expression (9 score) were detected in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands, 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43-8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respectively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Gleason score in Pea 
Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well-differentia- 
tion, 5-7 scores = moderate-differentiation and 8-10 
scores = poor-differentiation (7). Seventy- two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses snowed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 

With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostaining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure I 

Representatives of PSCA IHC and ISH staining in Pea (A. IHC staining. B. ISH staining, *2Q0 magnification). A,, B,: negative con* 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization with a sense PSCA probe (B,) showed no back- 
ground staining. A 2 , B^ a moderately differentiated Pea (Gleason score = 3+3 = 6) with moderate staining (composite score = 
6) in all malignant ceils; A 2 : IHC shows not only cell surface but also apparent cytoplasmic staining of PSCA protein. A 3 , B 3 : a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) In all malignant cells. 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts 
(LAPC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
1HC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulation of PSCA is an 
early event in prostate carcinogenesis. Recendy, Reiter RE 
et al 1 1 J, using ISH analysis, reported that 97 of 11 8 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN tissues by Tran C. 
P et al [8]. These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells |9). Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is actually from the overlying 
cell membrane [5]. These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu Z et al [9], who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
[10], in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H et al 
(11) used RT-PCR detection of PSA, PSMA and PSCA in 1 
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ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PCR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PCR indicated lower disease-pro- 
gression-free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al [12] reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 [1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis [13-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
RE et al [ 1 8] reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu Z 
et al [9] recently reporteted that in 102 specimens availa- 
ble to compare die results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors [18]. WatabeTetal [19] reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) [20]. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
[21). Thy-l is involved in T cell activation and transducts 
signals through src-like tyrosine kinases [22]. Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion [23-25). Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferation [1], Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation), advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

Translation initiation is regulated In response to 
nutrient availability and mftogenfc stimulation and Is 
coupled with ceD cycle progression and ceD growth. 
Several alterations bi transiationa! control occur In 
cancer. Variant mRNA sequences can alter the 
transitional efficiency of Imfivldual mRNA molecules, 
which in turn play a role In cancer biology. Changes in 
the expression or avaJlabllfty of components of the 
translations! machinery and in the activation of 
translation through signal transduction pathways can 
lead to more global changes, such as an increase in 
the overall rate of protein synthesis and translations! 
activation of the mRNA molecules Involved In cefl 
growth and proliferation. We review the baste 
principles of translations! control, the alterations 
encountered In cancer, and selected therapies 
targeting translation initiation to help elucidate new 
therapeutic avenues. 

Introduction 

The fundamental principle of molecular therapeutics In can- 
cer Is to exploit the differences In gene expression between 
cancer cells and normal cells. With the advent of cDNA array 
technology, most efforts have concentrated on Identifying 
differences in gene expression at the level of mRNA, which 
can be attributable either to DNA amplification or to differ- 
ences In transcription. Gene expression Is quite complicated, 
however, and Is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of transiationa! regulation has been best recog- 
nized among developmental biologists, because transcription 
does not occur In early embryogenesls in eukaryotes. For ex- 
ample, in Xenopus, the period of transcriptional quiescence 
continues until the embryo reaches mldblastuta transition, the 
4000-cefi staga Therefore, all necessary mRNA motecules are 
transcribed during oogenesis and stockpiled in atransJationally 
Inactive, masked form. The mRNA are transfationafly activated 
at appropriate times during oocyte maturation, fertilization, and 
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early embryogenesls and thus, are under strict translations! 
control. 

Translation has an established role In cell growth. Basi- 
cally, an Increase In protein synthesis occurs as a conse- 
quence of mitogenesls. Until recently, however, tittle was 
known about the alterations In mRNA translation bi cancer, 
and much Is yet to be discovered about their role in tho 
development and progression of cancer. Here we review the 
basic principles of translations! control, the alterations en- 
countered In cancer, and selected therapies targeting transla- 
tion initiation to elucidate potential new therapeutic avenues, 

Basic Principled of Transiationa! Control 
Mechanism of Translation Initiation 
Translation Initiation is the main step In translations! regulation. 
Translation Initiation is a complex process In which the initiator 
tRNA and the 40S and 60S ribosomaJ su bunits are recruited to 
the 5' end of a mRNA molecule and assemWed by eukaryotic 
translation initiation factors Into an 80S ribosome at the start 
codon of the mRNA (Rg. 1). The 5' emi erf eukaryotic mW4A is 
capped, /.a, contains the cap structure m r GpppN {7-methyi- 
guarK^ne-triprK)spho-5'-ribonuc]eosidd). Most translation In 
eukaryotes occurs In a cap-dependent fashion, /.a, the cap is 
specifically recognized by the eIF4E, 3 which binds the 5' cap. 
The eJF4F translation Initiation complex Is then formed by the 
assembly of eiF4E, the RNA heCcase eIF4A, and eIF4G, a 
scaffolding protein that mediates the binding of the 40S ribo- 
somal subunft to the mRNA molecule through Interaction with 
the elF3 protein present on the 40S ribosome. e!F4A and elF4B 
participate in melting the secondary structure of the 5' Um of 
the mRNA. The 43S initiation complex (40S/elF2/Met-tRNA/ 
GTP complex) scans the mRNA in a 5'-*3' direction until ft 
encounters an AUG start codon. This start codon Is then base- 
paired to the anticodon of initiator tRNA, forming the 48$ Initi- 
ation complex. The Initiation factors are then displaced from the 
48S complex, and the 60S ribosome joins to form the 80$ 
ribosome. 

Unlike most eukaryotic translation, translation Initiation of 
certain mRNAs, such as the picomawus RNA, is cap Inde- 
pendent and occurs by Interna! ribosome entry. This mecha- 
nism does not require elF4E Other the 43S complex can bind 
the initiation codon directly through interaction with the IRES in 
the 5' UTR such as in the encephaJomyocarditis virus, or it can 
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Fig. 1. Translation initiation In eukaryotes. The 4E-BPs are hyr>erphos- 
ptorylated to release elF4E so that ft can Interact vrfth the S' cap, and the 
elF4F Initiation complex is assembled. The interaction of pory(A) bfodtag 
protein wfth the tarnation complex and cirajlarizatton of the mRNA la not 
depicted In the diagram. The secondary structure of the 5' UTR is melted, 
the 40S ribosoma* su burnt Is bound td e!F3, and the ternary complex 
consisting of elF2, OTP, and the Met-tRNA ore recruited to the m RNA. The 
rtoosome scans the mRNA in a5 r -»3' direction unta an AUG start codon 
la found in the appropriate sequence context The initiation factors are 
released, and the large rtoosomal so bun it Is recruited. 



InJtiaBy attach to the IRES and then reach the initiation codon by 
scanning or transfer, as Is the case with the polbvims (1). 

Regulation of Translation Initiation 
Translation Initiation can be regulated by alterations in the 
expression or phosphorylation status of the various factors 
Involved. Key components in translational regulation that 
may provide potential therapeutic targets follow. 

elF4E elF4E plays a central role In translation regulation. 
It Is the least abundant of the initiation factors and Is con- 
sidered the rate-limiting component for Initiation of cap- 
dependent translation. 6IF4E may also be Involved In mRNA 
splicing. mRNA 3' processing, and mRNA nucfeocytopias- 
mic transport (2). elF4E expression can be Increased at the 
transcriptional level In response to serum or growth factors 
(3), elF4E overexpression may cause preferential translation 
of mRNAs containing excessive secondary structure In their 
5' UTR that are normally discriminated against by the trans- 



lational machinery and thus are Inefficiently translated (4-7). 
As examples of this, overexpression of e(F4E promotes In- 
creased translation of vascular endothelial growth factor, 
fibroblast growth factor-2, and cyciln D1 (2, 8, 9). 

Another mechanism of control is the regulation of elF4E 
phosphorylatioa elF4E phosphorylation is mediated by the 
mrtogen-actJvated protein kfnase-interactlng kinase 1 , which 
Is activated by the mitogen-activated pathway activating 
extracellular signal-related kinases and the stress-activated 
pathway acting through p38 mitogen-activated protein ki- 
nase (10-13)* Several mitogens, such as serum, platelet- 
derived growth factor, epidermal growth factor, Insulin, 
angiotensin II, src kinase overexpression, and has over- 
expression, lead to elF4E phosphorylation (14). The phos- 
phorylation status of eIF4E Is usually correlated with the 
translational rate and growth status of the cell; however; 
elF4E phosphorylation has also been observed In response 
to some cellular stresses when translational rates actually 
decrease (15). Thus, further study is needed to understand 
the effects of elF4E phosphorylation on elF4E activity. 

Another mechanism of regulation Is the alteration of e!F4E 
availability by the binding of e!F4E to the elF4B-blndlng pro- 
teins (4E-BP, also known as PHAS-I). 4E-BPs compete wfth 
elF4G for a binding site In e1F4E. The binding of eIF4E to the 
best characterteed elF4E-b!ndlng protein, 4E-BP1, Is regu- 
lated by 4E-BP1 phcjsphoryiarJoa Hypophosphoryiated 48- 
BP1 binds to ©IF4E, whereas 4E-BP1 hyperphosphorylatton 
decreases this binding. Insulin, angiotensin, epidermal 
growth factor, platelet-derived growth factor, hepatocyte 
growth factor, nerve growth factor, insulin-like growth factors 
I and II, InterleuWn 3, jjrahulocyte-macrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
ail been reported to induce phosphorylation of 4E-BP1 and 
to decrease the ability of 4E-BP1 to bind elF4E (15, 16). 
Conversely, deprivation of nutrients or growth factors results 
In 4E-BP1 dephosphorylation, an Increase In eiF4E binding, 
and a decrease In cap-dependent translation. 

p70S6 Kinase. Phosphorylation of ribosomal 40S protein 
S6 by S6K te thought to play an Important role in translational 
regulation. S6K mouse embryonic ceils proliferate more 
slowly than do parental cells, demonstrating that S6K has a 
positive Influence on cell proliferation (1 7). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
ofigopyrirnidine tract (5' TOP) found at the 5' UTR of ribosoma! 
protein mRNAs and other mRNAs coding for components of 
the translational machinery. Prwsphoryfation of S6K Is regu- 
lated In part based on the avaflabfflty of nutrients (18, 19) and is 
stimulated by several growth factors, such as pfatetet-dertved 
growth factor and Insulin-like growth factor I (20). 

elF2a Phosphorylation. The binding of the Initiator tRNA 
to the small ribosoma! unit is mediated by translation initia- 
tion factor elF2. PhosphoryiatJon of the ct-subunit of elF2 
prevents formation of the el F2/QTP/Met-tRNA complex and 
Inhibits global protein synthesis (21, 22). elF2a Is phospho- 
rated under a variety of conditions, such as viral Infection, 
nutrient deprivation, heme deprivation, and apoptosis (22). 
eiF2« is phosphorylated by heme-regutated Inhibitor, nutrient- 
regulated protein kinase, and the IFN-induced, double- 
stranded RNA-actjvated protein kinase (PKR; Ret. 23). 
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The mTOR Signaling Pathway. The macrollde antibiotic 
raj»mycln (Siralknus; Wyeth-Ayerst Research, Coflegeville, 
PA) has been the subject of Intensive study because ft In- 
hibits signal transduction pathways Involved In T-cell activa- 
tion. The rapamycln-sensltfve component of these pathways 
Is mTOR (also called FRAP or RAFT1). mTOR Is the mam- 
malian homofogue of the yeast TOR proteins that regulate Q 1 
progression and translation In response to nutrient availabil- 
ity (24). mTOR fs a serine-threonine kinase that modulates 
translation Initiation by altering the phosphorylation status of 
4E-BP1 and S6K (Fig. 2; Ref. 25). 

4&aP1 Is priosphorylatod on n^jltl^ 
phorytates the Thr-37 and Thr-48 residues of 4E-BP1 In vitro 
£6); however, phosphorylation at these sites is not associated 
with a loss of eiF4E binding. Phosphorylation of Thr-37 and 
Thr-46 is required for subsequent phosphorylation at several 
COOH-terrninal, serum-sensitive sites; a combination of these 
phosphorylatton events appears to be needed to Inhibit the 
binding of 4E-BP1 to e!F4e{25). The product of the ATM gene, 
P38/MSK1 pathway, and protein Wnase Ccr also play a rote in 
4E-BP1 phosphorylation (27-29). 

S6K and 4E-BP1 are also regulated, in part, by PI3K and Its 
downstream protein kinase Akt. PTEN Is a phosphatase that 
negatively regulates PI3K signaling. PTEN nuD cells have 
constitutfvely active of Akt, with increased S6K activity and 
SB phosphorylation (30). S6K activity Is Inhibited both by 
PI3K Inhibitors wortmannin and LY294002 and by mTOR 
inhibitor rapamycm (24). Akt phosphorylates Ser-2448 in 
mTOR in vflro, and this site Is phosphorylated upon Akt 
activation in vivo (31-33). Thus, mTOR Is regulated by the 
PKJK/Akt pathway; however, this does riot appear to be the 
only mode of regulation of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
Independent of mTOR Is controversial. 

Interestingly, mTOR autophosphoryiatton Is blocked bywort- 
mannin but not by rapamycln (3^.ThlsseeiT^lrK»nslstency 
suggests that mTOR-responsfve regulation of 4E-BP1 and S6K 
activity occurs through a mechanism other than Intrinsic mTOR 
kinase activity. An alternate pathway for 4E-BP1 and S6K phos- 
phorylation by mTOR activity Is by the Inhibition of a phospha- 
tase. Treatment with caJycuiin A, an inhibitor of phosphatases 1 
and 2A, reduces rapamycirHnduced dephosphorytation of 4E- 
BP1 and S6K by rapamycln (35). PP2A interacts with fuB-tength 
S6K but not with a S6K mutant that is resistant to dephospho- 
rytation resulting from rapamycln. mTOR phosphorylates PP2A 
in Wfro; however, how this process alters PP2A activity is not 
known. These results are consistent with the model that phos- 
phorylation of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamycln block inhibition of tile phosphatase by 
mTOR. 

Pofyadenytation. The poly(A) tall In eukaryotlc mRNA is 
important in enhancing translation initiation and mRNA sta- 
bility. Polyadenyiatlon plays a key role In regulating gene 
expression during oogenesis and early embryogenesls. 
Some mRNA that are translatfonaliy Inactive In the oocyte are 
polyadenylated concomitantly with translational activation In 
oocyte maturation, whereas other mRNAs that are transla- 
tfonaliy active during oogenesis are deadenyiated and trans- 
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latlonally silenced (38-38). Thus, control of poly (A) tall syn- 
thesis Is an Important regulatory step In gene expression. 
The 5' cap and polytA) tall are thought to function synergls- 
tlcally to regulate mRNA translational efficiency (39, 40). 

RNA Packaging. Most RNA-binding proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the translational fate of the transcript (41). A highly 
conserved family of Y-box proteins Is found In cytoplasmic 
messenger ribonucleoprotein particles, where the proteins 
are thought to play a role in restricting the recruitment of 
mRNA to the translational machinery (41-43). The major 
mRNA-assodated protein, YB-1 , destabilizes the Interaction 
of el F4E and the 5' mRNA cap invito, and overexpression of 
YB-1 results In translational repression in vfvo (44). Thus, 
alterations in RNA packaging can also play an important role 
in translational regulation. 

Translation Alterations Encountered In Cancer 

Three main alterations at the translational level occur In cancer 
variations in mRNA sequences that increase or decrease trans- 
lational efficiency, changes In the expression or availability of 
components of the translational machinery, and activation of 
translation through aberrantly activated signal transduction 
pathways. The first alteration affects the translation of an Indi- 
vidual mRNA that may play a role In carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 
as an increase in the overall rate of protein synthesis, and the 
translational activation of several mRNA species. 

Variations In mRNA Sequence 
Variations tn mRNA sequence affect the translational effi- 
ciency of the transcript A brief description of these variations 
and examples of each mechanism follow. 

Mutations. Mutations In the mRNA sequence, especially 
In the 5' UTR, can alter Its translational efficiency, as seen In 
the following examples. 
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omyc Saito et a!, proposed thai translation of full-length 
*myc Is repressed, whereas in several Burkftt lymphomas 
that have deletions of the mRNA 5' UTR, translation of c-myc 
Is more efficient (45) , M ore recently, It was reported that the 
5' UTR of onryc contains an IRES, and thus c-myc transla- 
tion can be Initiated by a cap-Independent as well as a 
cap-dependent mechanism (46, 47). In patients with multiple 
myeloma, a C-*T mutation In the omyc IRES was identified 
(18) and found to cause an enhanced Initiation of translation 
via Internal ribosomal entry (49). 

BRCA1. A somatic point mutation (117 G-»C) in position 
-3 with respect to the start codon of the BRCA1 gene was 
Identified In a highly aggressive sporadic breast cancer (50). 
Chimeric constructs consisting of the wild-type or mutated 
BRCA1 5' UTR and a downstream luclferase reporter dem- 
onstrated a decrease in the transitional efficiency with the 5' 
UTR mutation. 

Cydln^dopendent Kinase Inhibitor 24. Some Inherited 
melanoma kindreds have a G->T transverslon at base -34 
of cycfin-dependent Wnase inhibttor-2A, which encodes a 
cyctin-dependent kinase 4/cydln-dependent kinase 6 kinase 
Inhibitor Important In % checkpoint regulation (51). This 
mutation,, gives lis© to a novel AUG translation Initiation 
codon, creating an upstream open reading frame that com- 
petes for scanning ribosomes and decreases translation 
from the wild-type AUG. 

Alternate Splicing and Alternate Transcription Start 
Sites. Alterations in splicing and alternate transcription sites 
can lead to variations fri 5' UTR sequence, length, and second- 
ary structure, ultimately Impacting transtentorial efficiency. 

ATM. The ATM gene has four noncodlng exons In its 5' 
UTR that undergo extensive alternative spacing (52). The 
contents of 12 different 5' UTRs that show considerable 
diversity In length and sequence have been Identified. These 
cflvergent 5' leader sequences play an important role In the 
transnational regulation of the ATM gene. 

mdm. In a subset of tumors, overexpresston of the onco- 
protein mdm2 results in enhanced translation of the mdm2 
mRNA. Use of different promoters leads to two mdm2 tran- 
scripts that differ only in their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA Is loaded with ribosomes inefficiently compared with 
the short 5 r UTR. 

BRCA1. in a normal mammary gland, BRCA1 mRNA Is 
expressed with a shorter leader sequence (5'UTRa), whereas 
In sporadic breast cancer tissue, BRCA1 mRNA Is expressed 
with a longer leader sequence (5' UTRb); the transtational 
efficiency of transcripts containing 5' UTRb Is 10 times lower 
than that of transcripts containing 5' UTRa (54). 

TGF-pZ TSF-03 mRNA includes a 1.1 -Kb 5' UTR, which 
exerts an Inhibitory effect on translation. Many human breast 
cancer cell Ines contain a novel 7GF-/33 transcript with a 5 r 
UTR that Is 870 nucleotides shorter and has a 7-fold greater 
transtetionai efficiency than the normal TGF-p3 mRNA (55). 

Alternate PoJyadenyiation Sites, Multiple polyadenyl- 
ation signals leading to the generation of several transcripts 
with differing 3' UTR have been described for several mRNA 
species, such as the RET proto-oncogene (56), ATM gene 
(52), tissue inhibitor of metaIloprotelnases-3 (57), RHOA 



prot(M>ncogene $8), and calmodulin-! (59). Although the 
effect of these alternate 3' UTRs on translation Is not yet 
known, they may be Important In RNA-proteln interactions 
that affect translations! recruitment The role of these alter- 
ations In cancer development and progression Is unknown. 



Alterations In the Components of the 
Translation Machinery 

Alterations In the components of translation machinery can 
take many forms. 

Overexpresssion of elF4E. Overexpresston of elF4E 
causes malignant transformation In rodent cells (60) and the 
deregulation of HeLa ceil growth (61). Polunovsky etaL (62) 
found that elF4E overexpression substitutes few serum and 
Individual growth factors In preserving viability of fibroblasts, 
which suggests that eIF4E can mediate both proliferative and 
survival signaling. 

Bevated levels of e!F4E mRNA have been found In a broad 
spectrum of transformed cell lines (63). elF4£ levels are 
elevated in all ductal carcinoma In situ specimens and Inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 65). Prelim- 
inary studies suggest that this overexpression is attributable 
to gene amplification (66). 

Thefe are accumulating data suggesting that efF4E overex- 
pression can be valuable as a prognostic marker. e!F4E over- 
expresslon was found In a retrospective stu^ to be a marto of 
poor prognosis In stages I to III breast carcinoma (67). Veriflcar 
tion erf the prognostic value of elF4E in breast cancer Is now 
under way In a prospective trial (67). However, In a different 
study, ett=4E expression was correlated with the aggressive 
behavior of non-Hodgkfn's lymphomas (68). In a prospective 
aralysfeofpaii£mtswfth 

of elF4E In histologically tumor-free surgical margins predicted 
a significantly Increased risk of local-regional recurrence fl). 
These results an suggest that elF4E overexpression can be 
used to select patients who might beneft from more aggressive 
systemic therapy. Furthermore, the head and neck cancer data 
suggest that eiF4E overexpression is a fieid detect and can be 
used to guide local therapy. 

Alterations in Other Initiation Factors. Alterations in a 
number of other initiation factors have been associated with 
cancer. Overproduction of elF4G, similar to elF4E, leads to 
malignant transformation in vitro (69). elF-2a is found In 
Increased levels in bronchloloalveolar carcinomas of the lung 
(3). Initiation factor e!F-4A1 is overaxpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunft of 
translation initiation factor 3 is amplified and overexpressed 
In breast and prostate cancer (72), and the elF3-pl 1 0 suburdt 
Is overexpressed In testicular seminoma (73). The role that 
overexpression of these Initiation factors plays on the devel- 
opment and progression of cancer, If any, is not known. 

Overexpression of S6K. S6K is amplified and highly 
overaxpressed in the MCF7 breast cancer ceil line, com- 
pared with normal mammary epithelium (74). In a study by 
Bartund et a/. (74), S6K was amplified in 59 of 668 primary 
breast tumors, and a statistically significant association was 
observed between amplification and poor prognosis. 
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Overexpresslon of PAP. PAP catalyzes 3' po!y(A) syn- 
thesis. PAP Is overaxpressed In human cancer cells com- 
pared with normal and vTrally transformed cells (75). PAP 
enzymatic activity In breast tumors has been correlated with 
PAP protein levels (76) and, In mammary tumor cytosote, was 
found to be an Independent factor for predicting survival (76). 
little Is known, however, about how PAP expression or ac- 
tivity affects the translational profile. 

Alterations In RNA-blncflng Proteins. Even less is known 
about alterations in RNA packaging In cancer. Increased ex- 
pression and nuclear localization of the RNA-bMng protein 
YB-1 are Indicators of a poor prognosis for breast cancer (77), 
non-small eel lung cancer (78), and ovarian cancer (79). How- 
ever, this effect may be mediated at least in part a! the level of 
transcription, because YB-1 Increases chemore^stance by en- 
hancing the transcription of a multidrug resistance gene (80). 



Activation of Signal Transduction Pathways 
Activation of signal transduction pathways by loss of tumor 
suppressor genes or overexpresslon of certain tyrosine kinases 
can contribute to the growth and aggressiveness of tumors. An 
Important , mutant In human cancers is the tumor suppressor 
gene PTB4, which leads to the activation of tt»PI3K/Akt path- 
way. Activation of PI3Karrf AW induces tte 
formations chicks 

show constitutive phosphorylation of S6Kand of 4&BP1 (81). 
A mutant Akt that retains kinase activity but does not phos- 
phorytate S6K or 4E-BP1 does not transform fibroblasts, which 
suggests a correlation between the oncogenicity of PJ3K and 
Akt and the phosphorylation of S6K and 4E-BP1 (81). 

Several tyrosine kinases such as platelet-derived growth 
factor, Insulin-like growth factor, HER2/heu, and epidermal 
growth factor receptor are overexpressed In cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways known to alter translation initiation, activation 
of translation Is likely to contribute to the growth and aggres- 
siveness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under translations! control. 
For example, HER2/neu mRNA is translationally controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation in a cell type-Independent manner and 
by a distinct cell type-dependent mechanism that Increases 
translation al efficiency (82). HER2/neu translation Is different 
in transformed and normal cells. Thus, it Is possible that 
alterations at the translatlonal level can In part account for 
the discrepancy between HEftZJneu gene amplification de- 
tected by fluorescence in situ hybridization and protein levels 
detected by Immunohistochemlcal assays. 



Translation Targets of Selected Cancer Therapy 
Components of the translation machinery and signal path- 
ways Involved In the activation of translation Initiation repre- 
sent good targets for cancer therapy. 

Targeting tho mTQR Signaling Pathway: Rapamycin 
and Tumstatin 

Rapamycin Inhibits the proliferation of lymphocytes. It was 
initially developed as an Immunosuppressive drug for organ 



transplantation. Rapamycin with FKBP 12 (FK506-bindlng 
protein, M T 12,000) binds to mTOR to Inhibit Its function, 

Rapamycin causes a small but significant reduction in the 
Initiation rate of protein synthesis (83). It blocks ceil growth In 
part by blocking S8 phosphorylation and selectively sup- 
pressing the translation of 5' TOP mRNAs, such as ribosomal 
proteins, and elongation factors (83-85). Rapamycin also 
blocks 4E-BP1 phosphorylation and Inhibits cap-dependent 
but not cap-Independent translation (17, 86). 

The raparnycirhsensitive signal transduction pathway, acti- 
vated during malignant transforrnatkm and cancer progression, 
is now bdng studied as a targe* for cancer therapy (87)> Pros- 
tate, breast, smaflc»D lung, gltolastorT^melarxxT^arKjT-c^ 
leukemia are among the cancer lines most sensitive to the 
rapamycin analogue CCI-779 (V\ryetrvAyerst Research; Ref. 
87). In n^arxkmiycosarcomacefl fines, rapamy^ is erther cyto- 
static or cytocldal, depending on the p53 status of the celt; p53 
wild-type cete treated with raparnydn arrest In the Gt phase 
and maintain their viability, whereas p53 mutant cefls accumu- 
late In and undergo apoptosis (88, 89) Jn a recently reported 
study using human primitive neuroectodermal tumor and 
myeloblastoma models, rapamycin exhibited more cytotox- 
icity \n combination with tisptatin and camptothecin than as a 
single agent In vivo, CCt-779 delayed growth of xenografts by 
160% after 1 week of therapy and 240% after2 weeks. Aslngle 
high-dose administration caused a 37% decrease in tumor 
vojuma Growth Inttbition in vivo was 1-3 times greater, with 
cfeptaBn in combination with CCI-779 than with cbptertin alone 

(90) . Thus, preclinical studies suggest that rapamycin ana- 
logues are useful as single agents and In combination with 
chemotherapy. 

Rapamycin analogues CCI-779 and RAD0O1 (Novartis, 
Basel, Switzerland) are now In clinical trials. Because of the 
known effect of rapamycin on lymphocyte proliferation, a 
potential problem with rapamycin analogues Is Immunosup- 
pression. However, although prolonged Immunosuppression 
can result from rapamycin and CCI-779 administered on 
continuous-dose schedules, the immunosuppressive effects 
of rapamycin analogues resolve in -24 h after therapy 

(91) . The principal toxicities of CCI-779 have included der- 
matdogtcal toxicity, myelosuppresston, infection, mucositis, 
diarrhea, reversible elevations In liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87, 
92-94). Phase II trials of CCI-779 have been conducted in 
advanced renal cell carcinoma and in stage Ill/TV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported in abstract form, although there were no 
complete responses, partial responses were documented in 
both renal cell carcinoma and in breast carcinoma (94, 95). 
Thus, CCI-779 has documented preliminary clinical activity in 
a previously treated, unselected patient population. 

Active investigation is under way Into patient selection for 
mTOR Inhibitors. Several studies have found an enhanced 
efficacy of CCI-779 In PTEN-null tumors (30, 96). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCI-779, although only two of these tines 
lacked PTEN (97) There was, however, a positive correlation 
between Akt activation and CCI-779 sensitivity (97). This 
correlation suggests that activation of the PI3K-Akt pathway, 
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regardless of whether it is attributable to a PTCN mutation or 
to overexpresston of receptor tyrosine kinases, makes can- 
cer celt amenable to mTOR-dlrected therapy. In contrast, 
lower levels of the target of mTOR, 4E-BP1. are associated 
with rapamycln resistance; thus, a lower 4E-BP1/elF4E ratio 
may predict rapamycln resistance (98). 

Another mode of activity for rapamycln and its analogues 
appears to be through Inhibition of anglogeneste. This activ- 
ity may be both through direct inhibition of endothelial cell 
proliferation as a result of mTOR Inhibition in these cells or by 
inhibition of translation of such proangiogenic factors as 
vascular endothelial growth factor In tumor ceBs (99, 100). 

The anglogenesls Inhibitor tumstatln, another anticancer 
drug currently under study, was also found recently to inhibit 
translation In endothelial ceils (101). Through a requisite In- 
teraction with Integrin, tumstatln Inhibits activation of the 
PI3K/AW pathway and mTOR In endothelial cells and pre- 
vents dissociation of elF4E from 4E-BP1, thereby Inhibiting 
cap-dependent translation. These findings suggest that en- 
dothelial ceils are especially sensitive to therapies targeting 
the mTOR-slgnaiing pathway. 



TargetMg e*F2cc EPA Ctotrimazofe, mda-7, 
and Flavonokfs 

EPA Is an rv3 polyunsaturated ratty acid found in the flsh- 
based diets of populations having a low incidence of cancer 
(102). EPA Inhibits the proliferation of cancer cells (103), as 
well as in animal models (104, 105). it blocks ceil division by 
inhibiting translation initiation (105). EPA releases Ca 2+ from 
Intracellular stores while Inhibiting their refilling, thereby ac- 
tivating PKR PKR, in turn phosphoryiates and inhibits elF2a, 
resulting In the Inhibition of protein synthesis at the level of 
translation initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent//) vitro and in vivo, inhibits cell growth through 
depletion of Ca 2+ stores, activation of PKR, and phospho- 
rylation of eIF2a (106). Consequently, clotrimazole preferen- 
tially decreases the expression of cyclins A, E, and D1, 
resulting in blockage of the cell cycle in Q v 

mda-7 is a novel tumor suppressor gene being developed 
as a gene therapy agent Adenoviral transfer of mda-7 (Ad- 
mda7) induces apoptosis In many cancer ceils including 
breast, colorectal, and lung cancer (1 07-1 09). Ad-mda7 also 
Induces and activates PKR, which leads to phosphorylation 
of e!F2« and induction of apoptosis (110). 

Fiavonolds such as genlsteJn and queroetin suppress tu- 
mor ceil growth. All three mammalian elF2a kinases, PKR, 
heme-regulated inhibitor, and PERK/PEK, are activated by 
flavonoids, with phosphorylation of eJF2a and inhibition of 
protein synthesis (111). 



Targeting eIF4A and elF4E: Antisense RNA 
and Peptides 

Antisense expression of elRA decreases the proliferation rate 
of melanoma cells (1 12). Sequestration of e!F4E by overexpres- 
sfon of 4E-BP1 Is proapoptotic and decreases tumorigenicrty 
(113, 114). Reduction of elF4E with antisense RNA decreases 
soft agar growth, Increases tumor latency, and Increases the 
rates of tumor doubling times (7). Antisense elF4E RNA treat- 



ment also reduces the expression of ajtgk^erttefactore (115> 
and has been proposed as a potential adjuvam therapy for head 
and neck cancers, particularly when elevated elRE Is found In 
surgical margins. Small molecule inhfcftors that bind the e!F4G/ 
4E*P1-Wndlng domain of elF4E are proapoptotic (116) and 
are also being actively pursued. 



Exploiting Selective Translation for Geno Therapy 
A different therapeutic approach that takes advantage of the 
enhanced cap-dependent translation in cancer cells is the use 
of gene therapy vectors encoding suicide genes with highly 
structured 5' UTft These mRNA would thus be at a competitive 
dfeadvantage in normal cells and not translate well, whereas in 
cancer cells, they would translate more efficiently. For example, 
the introduction of the 5' IPJR of fibrob^gjov^factor-25'to 
the coding sequence of herpes simplex virus type-1 thymidine 
kinase gene, aBows for selective translation of herpes simp! ox 
vfrus type-1 thymidine kinase gene In breast cancer cell fries 
compared with normal mammary ceH lines and results In se- 
lective sensitivity to ganciclovir (117). 



Toward the Future 

Translation Is a crucial process In every ceil. However, several 
alterations In transfational control occur in cancer. Cancer cells 
appear to need an aberrantly activated translations! state for 
survival, thus allowing the targeting of translation Initiation with 
surprisingly low toxicity. Components of the translations] ma- 
chinery, such as e!F4E, and signal transduction pathways in- 
voh^ In translation initiation,^ 

targets for cancer therapy. Inhibitors of the mTOR have already 
shown some preliminary activity in clinical trials. It is possible 
that with the development of better predictive markers and 
better patient selection, response rates to single-agent therapy 
can be improved. Similar to other cytostatic agents, however, 
mTOR Inhibitors are most likely to achieve clinical utility in 
combination therapy. In the Interim, ourincreasfeig widefstand- 
ing of translation Initiation and signal transduction pathways 
promise to lead to the identification of new therapeutic targets 
in the near future. 
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